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BENZOATE 


The \ alue of the Sodium Benzoate Test of Renal Function, and 
the Effect of Injura of the Liver ov Hipphpic 
Aod Synthesis 1 

B\ ALBERT II BRI AX 
From The Ma\o Foundation, Pochesler, Minnesota 

CReccned for publication Februarj 26, 1925) 

INTRODUCTION 

These studies were undertaken in order to determine the clinical 
value of the sodium benzoate test of renal function as proposed b} 
Kingsbury and Swanson (27) 

Hippunc acid has claimed the attention of phjsiologic chemists 
and pathologists for man} years (40) The basis of this mterest bes 
m the generally accepted fact of its formation m the bod} by the 
conjugation of benzoic acid, or its salts, with gl} cocoll, resulting m 
the detoxication of the former and the loss of the latter to the body 
The question as to where this conjugation takes place and whence 
comes the large amount of requisite gl} cocoll still claims the attention 
of the chemist The mterest of the pathologist is due to the celebrated 
experiments of Bunge and Schmiedeberg (8), who, m 1877, perfused 
the kidneys of surviving dogs with benzoic acid and glycocoll, and 
later found hippunc acid in the transfused blood, from which they 
concluded that, at least m the dog, the kidney is the site of the syn- 
thesis For many years their results stood unchallenged If correct, 
this function of the kidney is singular since other substances syn- 
thesized by the body appear m the \anous organs, but are onl} 
excreted by the kidney The possible aberration of this synthesizing 

1 This work was done under the direction of Dr L G Rowntree, of the 
Division of Mediane, Majo Clinic. 
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ability m the case of diseased kidneys is the basis of numerous attempts 
to employ it as a test of renal function 
The employment of sodium benzoate m determining renal function 
is not new As early as 1879 Jaarsvald and Stokvis (22) studied a 
number of cases with various types of renal complamts They con- 
cluded that m man the synthesis of hippunc acid is diminished or 
entirely absent m affections of the kidney, more especially m par- 
enchymatous nephritis In 1880 Weyl and Anrep (50), and m 1883, 
Kronecker (28) earned on rather similar work with somewhat con- 
tradictory results Kingsbury has explained these by the fact that 
with their method some of the hippunc acid was hydrolyzed to benzoic 
acid by alkali More recently Violle (49) has reported that m nephre- 
tic patients, after giving 0 5 gm doses of sodium benzoate, the ex- 
cretion of hippunc acid is much less than m normal persons 
Kingsbury and Swanson (26) perfected and simplified the method 
of hippunc acid determination, and also administered sodium benzoate 
m 2 4 gm doses to many normal and abnormal persons Their 
results, working with approximately normal university students, 
are of particular value m indicating what the average rate of synthesis 
should be m normal persons 

Morgulis, Tratt, and Jahr (39) earned on a somewhat parallel 
investigation giving particular attention to the r61e of the free benzoic 
acid excreted They raised the question as to whether there was 
sufficient of this substance to vitiate the use of the test clinically 
This was at vanance with Kingsbury (25), who was able to find only 
traces of free benzoic acid when accidental hydrolysis had been 
prevented 

Snapper and his co-workers (45, 46, 47, 48) have recently reported 
interesting and significant work m which they not only ampli- 
fied the work of Bunge and Schmiedeberg and also Kingsbury and 
Bell (24), but have made a number of clinical observations as well 
The earlier portion of this study, especially that dealing with preg- 
nant and postpartum women, was earned on in one of the smaller 
outlying hospitals of Minneapolis, and the data, while essentially 
correct, are less complete than those of more recent study Most 
of the work vas conducted at the Mayo Clinic where it was possible 
to make parallel studies of the vanous functions 
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MECHANISM OF THE SYNTHESIS 

The following facts concerning the mechanism of hippunc aad synthesis seem 
well supported Hippunc aad (18) is one of the nitrogenous end-products of 
protem metabolism and is a combination product arising bj the union of gh cocoll 
and benzoic aad 

The benzoic aad component arises from one of two sources, etc (18) either 
from aromatic products of xegetable food, as anamic aad, quimc aad, and so 
forth, which in metabolism are catabolized to benzoic aad, or from phen> lalarun, 
which undergoes complete dissociation in normal metabolism The phenjl- 
propiomc aad which is produced from this m intestinal putrefaction is oxidized 
freelj into benzoic aad when resorbed (3) 

The ongm of the gh cocoll component is, howexer, far more complicated In 
carnivorous animals, Brugsch and Hirsch (6) (7) found that the degree of hippunc 
aad formation after the introduction of benzoic aad was lower than in the herbiv- 
orous animal, that the amount of free benzoic aad was greater than that paired 
with glycocoll, and that in the dog detoxication of benzoic aad occurs onlj m 
relatn ely small part by the formation of hippunc aad and to a considerable 
extent by the formation of reducing substances (gl> curonates) 

Schmiedeberg (44) suggested that the synthesis took place under the influence 
of a ferment “histozyme ” 

In human beings Lewinshi (31) found that after the administration of benzoic 
acid the only mode of hippunc aad formation was b> h> drolytic protem cleavage 
From his work he concluded that a person on a diet nch m proteins can transform 
more benzoic aad to hippunc aad than otherwise, and that the appearance of 
reduang substances in the unne is an expression of the impoverishment of the 
organism m glycocoll 

Magnus-Lev) (36), icchowski (51), Ringer (41), Abderhaldcn (1), and 
Delprat and Whipple (14), found that when benzoic aad was given to herbn ora 
m quantit) , the animal excreted one-thud or more of the total nitrogen as hippunc 
aad Ringer suggested that the large quantities of gh cocoll might ongmatc from 
the “extra -destroy ed” protem, and not from protem that would have been me- 
tabolized had no benzoate been given 

Epstcm and Bookman (16), found no “resene” gh cocoll m the animal txxh 
The) considered the production of gl) cocoll dependent upon the amount of benzoic 
aad present m the arculation, and that the processes mxohed might represent 
either destruction of higher ammo-aads or construction from simpler bodies 

The results of Lewis (33, 34), and of McCollum and Hoagland (35) were essen- 
tiall) consistent Lewis concluded that the decreased excretion of unc aad must 
be regarded as the result of decreased unc aad formation due to the lowering of 
the lex cl of nuclear metabolism, and as an example of spcafic influence on nuclear 
metabolism rather than on general endogenous metabolism Sodium hippurate 
faded to produce changes m either creatmin or unc aad elimination, and hence he 
concluded that the effect was due to the action of free benzoic aad and not to 
conjugated, non toxic hippunc aad 
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Whipple (14) proposed the hypothesis that the increase in unnary nitrogen is 
due to the lack of available glycocoll, and that under these conditions a demand 
for the drug being very acute, the body protem is broken down to supply the 
“emergency requirement ” Parker and Lusk considered the possibility of a 
“glycocoll reserve” which can be washed out by successive doses of benzoate 
Cohn (9) (10) noted that feeding protems and their glycocoll yielding decom- 
position products, counteracted the toxic effect of benzoic acid m rabbits In 
contrast with Wiener (52), however, he failed to note detoxification of the benzoic 
acid when leucin was given Friedmann and Tachau (17), and Hoffmann (21) 
were unable to demonstrate that ammo, hydroxy, or fatty acids were precursors 
of glycocoll 

Among the most recent investigators of the origin of glycocoll are Griffith and 
Lewis (19) (20) In their work with rabbits they noted that the rate of excretion 
of hippunc acid was notably mcreased by the administration of glycocoll with the 
sodium benzoate This, they concluded, probably represented an mcreased rate 
of synthesis due to the presence m the organism of large amounts of preformed 
glycocoll Their later work shows that the synthesis in rabbits is enhanced by 
feeding protem nch m glycocoll with the sodium benzoate, although it is not 
enhanced by feedmg other protems, unless glycocoll is also fed From these facts 
they Consider it improbable that the ordinary reactions of protein metabolism 
produce readily available precursors of glycocoll 

Csonka (11) (12) does not doubt the synthetic production of glycocoll in the 
normal animal Experimenting with swine he found that under the influence of 
benzoic acid certain reducmg substances (glycuronates) were eliminated m the 
mine The quantity of these was largest when casern was given, and smallest 
when gelatm was given, pointing to the mverse relation to the preformed glycocoll 
content of the protem ingested In his opmion, there is an mcreased nitrogen 
elimination when benzoic acid is administered, which supports the claim that the 
metabohsm rises after its ingestion 

As to the amount of sodium benzoate which a human being is able to convert, 
Lewmski (31) found that a man could completely convert 20 gm of benzoic acid 
mgested within twelve hours without ill effect, and on a diet rich in glycocoll 40 
gm of benzoic acid, of which only 10 per cent was excreted m the free state 
Lewis (33) gave men doses of from 6 to 10 gm of sodium benzoate of which 85 
or 90 per cent was eliminated m five or six hours as hippunc acid Dakin (13) 
found that sodium benzoate taken by human bemgs m 5 to 10 gm doses for two 
or three days is completely converted mto hippunc acid and is eliminated as such 
in the unne, no free benzoic acid bemg excreted under these conditions 

Particular points to be gleaned from the foregoing are (1) normal human 
beings may completely convert at least 25 gm of sodium benzoate to hippunc acid 
■n ithout ill effect and with the appearance of only traces of free benzoic acid m the 
unne When larger amounts of benzoic acid or its salts are given, the [amount 
converted is greater if there is extra available glycocoll m the body, and (2) the 
results of man) investigations point to ti\o available sources for the ongm of 
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gl> cocoll in hippunc aad formation sin thesis and preformed glx cocoll , the latter 
includes glj cocoll liberated bj the catabolism of bod} protein and that present in 
food protein 


SITE OF THE SYNTHESIS 

Important as the foregoing considerations are to a proper understanding of 
benzoic aad detoxication, it is even more essential to deade vhether the synthesis 
takes place in the hidne> onl> , or also in some other organ, such as the In er 
As earl} as 1857 Kiihne and Hallwachs (29) concluded that the formation of 
hippunc aad from introduced benzoic aad did not occur m the intestines, nor m 
the circulating blood, but in the hepatic x essels in the presence of the constituents 
of bile (gh cochohc aad) This was supported bj Rosenberg (43), and b\ Lems 
(32) m his more recent experiment m which he inserted a cannula m the common 
bfle duct of a rabbit and demonstrated that in this animal synthesis of hippunc 
aad occurred after exclusion of bile from the intestine 

The perfusion expenments of Bunge and Schmiedeberg (8) have alreadx been 
referred to Then results were confirmed b\ Kochs (27) , who noted that synthesis 
took place even in the comminuted kidnei of the dog, ox, and calf, also b> Bash- 
ford and Cramer (2) who determined hippunc aad crystals in renal tissue and 
blood which had been tnturated until the microscope showed no intact cells, and 
concluded that the formation of the hippunc aad was not dependent on intact 
and fixing cells 

In 1911, Fnedmann and Tachau (17) experimenting with rabbit fixers con- 
cluded that, at least in herbixora, the fixer partook in the sxmthesis Except for 
this, the results of Bunge and Schmiedeberg (8) were practicallx unchallenged until 
Kmgsbur} and Bell (24) found hippunc aad in the tissues of nephrectomized dog= 
after injections of glycocoll and sodium benzoate, and concluded that m the dog 
the kidnc} was not the onlj organ which sx-nthcsized hippunc aad 
Lackncr, Levinson and Morse (30) befiexed that m the dog the excretion of 
hippunc aad xaned xvith the condition of the fixer, the condition of the kidncx 
remaining constant, and that if the fixer partook in this sxmthesis to anx great 
extent, pathologic mxolxcment of the fixer should be recognizable bx this means 
Some expcnmental and clinical evidence was found in support of this claim 
Delprat and Whipple (14), working with dogs with necrosis of the fixer induced 
b} chloroform, concluded that in this condition the sxmthesis was not prexented 
but was distinctlx delated, also that the fixer normallj partakes in this action 
but that other cell protoplasm max partake m the reaction 

Morgufis (39) and his co-worlcrs befiexed that extensixe injurx to the fixer was 
responsible for the failure of certain preliminarx steps in the process, nameh , the 
formation of glx cocoll, rather than that it indicated an actual partiapation of the 
fixer m the sxmthesis 

Snapper, Grfinbaum and Ixeuberg (48) believed that Kmgsburx and Bell (24) 
based their conclusions on too little evidence kccordmglx thex repeated the 
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work of Bunge and Schmiedeberg (8), and also that of Kingsbury and Bell (24) 
They were thus able to conclude, in confirmation of the earlier work of Bunge and 
Schmiedeberg, and in opposition to that of Kingsbury and Bell that not only is 
hippunc acid synthesized locally m the kidney of a dog, but that m this animal 
this synthesis occurs only in the kidney 

Their further work with swine and sheep (48) is of interest m this connection 
It was also their privilege to perfuse two human kidneys (48) with fair remaining 
function, immediately after removal, one being from a patient with renal tuber- 
culosis and the other from a patient with tumor of the kidney In each instance 
they were able to demonstrate definite amounts of hippunc acid m the perfusion 
blood to which sodium benzoate and glycocoll had been added From their 
extensive work they concluded (1) that m the perfusion of the kidneys of dogs, 
swine, and sheep with benzoic acid and glycocoll, hippunc acid is synthesized, 
and (2) that this also occurs in the isolated human kidney 

Brakefield and Schmidt (5) found that in two rabbits whose bile ducts had 
been ligated only 40 per cent of the amount of hippunc acid synthesized by normal 
rabbits was excreted, they also observed that normal dogs able to conjugate 95 
per cent of a given amount of benzoate, conjugated only 60 per cent after ligation 
of the common bile duct 

Kingsbury and Bell (23) worked with rabbits made nephritic with racemic 
tartanc acid They concluded that if hippunc acid was synthesized in the 
kidney of the rabbit, it must be accomplished either by the degeneration cells of 
the convoluted tubules, or by the cells of the glomeruh The latter possibility is 
supported by our own work, that is, m the cases of nephrosis in which the glomeruli 
were but little impaired, the elimination of hippunc acid was but little reduced, 
it was greatly reduced in cases of nephritis or of other destructive renal lesions 

Morguhs (39) regards the kidney as the essential organ of hippunc acid synthe- 
sis, but finds the amount of free benzoic acid to be increased in cases of nephritic 
disease Kingsbury (25), however, bebeves that sodium benzoate is completely 
converted and eliminated as hippunc acid in individuals whose kidneys have been 
extensively damaged, he also bebeves that the synthesis of the product must be as 
rapid as its excretion This is in harmony with the work of Snapper and Gnin- 
baum (47), who found that patients with renal insufficiency synthesized sodium 
benzoate to hippunc acid which, however, is dammed back in the blood stream 

Reviewing the htcrature which we have thus briefly cited, it appears certain 
that whenever the requisite glycocoll and benzoic acid are available to it, the 
kidney is the mam site of the synthesis of hippunc acid This is shown by the 
work of Bunge and Schmiedeberg (8), questioned by Fnedmann and Tacbau 
(17), and by Kingsbury and Bell (24), but confirmed by Kochs (27), Bashford and 
Cramer (2), Snapper, Grunbaum, and Neuberg (45-48 inclusive), as well as by our 
own work in xanous cases of nephntic lesions m which the elimination of hippunc 
acid seemed quite proportional to the extent of the renal damage It appears 
cquallv true that the kidney cannot perform this function satisfactorily if the 
fixer does not function properly Morgufis’ (39) conception of the fiver as 
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playing an important although a secondary r61e, is supported by the work of 
Delprat and Whipple (14), bv Lackner, Levinson, and Morse (30), by Braiefield 
and Schmidt (5), and also by us in our work upon human cases with damaged 
livers That this role is distinctly secondary is most stnhmgl\ shown by our 
finding that a completely hepatectomized dog can svnthesize appreciable amounts 
of hippunc acid, and by Bashford and Cramer (2), who man} years ago demon- 
strated the synthesis of hippunc acid m intro by macerated renal tissue 

METHODS 

Administration of the sodium benzoate Man} of the patients in the hospital 
were studied according to a routine which was designed to show the total elimina- 
tion of hippunc benzoic acid for the twenti-four hours preceding the three-hour 
test, as well as for the twenty-one hours following it It seemed that a more 
adequate idea would thus be obtained of the usual hippunc and benzoic acid 
output, as well as some control on the subject’s reaction to the test 

Rigimc m the management of the test In the ordinary clinical application of the 
test the following procedure might be followed 

Fruits are omitted from the diet for at least twenty -four hours preceding the 
test Just before starting the test the patient is asked to \oid and this specimen 
is discarded The sodium benzoate is then dissoh ed in its container m 100 cc of 
water and drunk, the con tamer is rinsed with 200 cc. of water which is also drunk, 
an hour later another 200 cc of water is taken 

Specimens are collected at the end of the second hour and at the end of the third 
hour and these two specimens are analy zed for hippunc acid by the methods of 
Kingsbury and Swanson (26) 

Breakfast is withheld until after the third-hour specimen is xoided 
The ialue of the test being once established, the “before” and “after” penods 
mentioned above, as well as the free benzoic acid determinations might be dis- 
pensed with The essential information which the test ma\ be cvpected to furnish 
may then be obtained from the two-hour and three hour determinations, or, if the 
deductions from the tables which follow are correct, from the results of the two- 
hour specimen alone If this cannot be established the test is probabh too cum- 
bersome for any clinical application The dietary restriction m fruits is probabh 
nccessan smcc benzoic aad occurs in fruits, particularly in cranberries 

Each of the fifty -two patients m this senes reccned 2 4 gm of sodium benzoate 
by mouth, as described, the amount ongmalh empkned b\ Kingsbury It is 
cqunalent to 2 0 gm of benzoic aad, in percentage terms of which the results of 
the test arc calculated Thus, if a patient excretes 1 5 gm of benzoic aad the 
portion of the ongrnal dose excreted ma\ be considered as 75 per cent More 
rcccnth Kmgsbun has adiocated giving 1 8 gm of sodium benzoate for each 
square meter of body surface, as determined b\ the height and weight formula of 
Du Bois (15) This would be, for the aieragc adult, csscntialh the amount used 
in this stud\ Therefore, it appears that in considcnng the power of the 1 idnc\ s 
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of the average adult to detoxicate benzoic acid the observation of this refinement 
would not greatly alter the results obtained In none of the tables was the ex- 
creted hippuric acid expressed as such, but always for the sake of simplicity, m the 
terms of benzoic acid The delations of hippuric to benzoic acid may be readily 
seen from their molecular weights, 179 and 122 respectively, the foregoing dosage, 
then, would be equivalent to 2 93 gm of hippuric acid 

Total benzoic acid The method employed m this analysis was the same as that 
descnbed by Kingsbury and Swanson (26) , except that only half the amounts men- 
tioned in the reference were employed, this modification was later adopted by 
Kingsbury himself Smce the application of this method required the removal of 
protein from the urine when present, as in some of the nephritic cases, this also was 
done by the method descnbed by Kingsbury and Swanson The specimens were 
preserved by the use of 2 per cent nitric acid and a small amount of 10 per cent 
thymol in chloroform Frequent duplicate determinations were made throughout 
the work The chloroform was washed, as descnbed 

Free benzoic acid This was determined, as descnbed by Morguhs (39) and his 
co-workers, except that it was not always possible to employ 100 cc samples of 
unne To quote the details 

“For the purpose of deprotemizing, sodium hydroxide was added until the 
strongly acid urine reacted just faintly acid to litmus Then 0 5 gm of tannic 
acid was added to every 100 cc of urme A fiocculent precipitate was formed m 
the presence of albumin, which was filtered oS after the mixture had been allowed 
to stand for a few minutes Of the deproteimzed unne 100 cc samples 

were immediately measured out into separatory funnels and saturated with 
ammonium sulphate The mixture was then strongly acidified by the addition 
of 1 cc of concentrated nitric acid and extracted with four portions of freshly 
washed chloroform ” 


PRESENTATION OE CASES 

The fifty-two cases m the senes may be considered m five groups 
(1) normal subjects, (2) pregnant and postpartum subjects, (3) sub- 
jects with essential renal involvement, (4) subjects wnth only slight 
renal involvement, (5) those wuth definite hepatic involvement 
Certain experiments with dogs are also considered m connection with 
those in the latter group 

With the exception of tables 2, 3, and 4, the tables were arranged 
according to the value of the two-hour benzoate excretion, rather 
than the third-hour value, since the former seems to be more signifi- 
cant in indicating renal impairment This belief is based on the 
observation that there is a tendency for the third-hour value so to raise 
the value for the whole three hours that it may approximate the 



ALBERT W BRA AN 


9 


normal (85 to 90 per cent), ev en though the two-hour value is notably- 
decreased Hence, at the end of the three hours the significance of 
the test might be concealed if it were based on this a alue alone 
Group 1 Normal subjects In interpreting results it is presumed 
that the standards set by Kingsbury are approximately correct. After 
experimenting with many normal uimersity students, as well as a 
number of cardiac and nephritic patients he concluded that 70 per 
cent or more of the initial dose (2 4 gm ), expressed as benzoic acid, 
is excreted in the first two-hour penod, and a total of 90 per cent or 
more is excreted during the entire three-hour penod of the test 
Recently he has said “at least 80 per cent of the hippunc acid the- 
oretically equivalent to the ingested dose of benzoate should be found 
in the three-hour specimen Sixty-seven tests made on normal 
medical students m this laboratory (Uim ersity of Minnesota), showed 
an output of 80 per cent or aboxe, 91 per cent of these sixty -seven 
cases showed benzoate tests above 85 per cent ” The results of the 
tests m thirteen cases are well within the limits just outlined (table 1) 
This is true for the blood urea and the phenolsulphonephthalem as 
well as for the sodium benzoate test The three-hour value in two of 
the cases seems to be above 100 per cent, this is possible when the 
excretory pow er of the kidney is high and when the diet maj not hav e 
been adequately controlled Under such conditions the benzoate 
available from sources other than the dose given must be considerable, 
assuming the technic to have been faultless otherwise This fact 
does not appear to militate against the v alue of the test since in cases 
m which the excretory power of the kidney is reduced, the excretion 
seems to proceed at a lower but maximal figure maintained for a 
longer time 

The subjects of this group, while not strictly normal, gave but 
little evidence of renal damage The values found bear out those 
established by Kingsbury as being approximate!} correct 

Group 2 Pregnant and postpartum subjects The subjects of this 
group had had infections of various types which apparently affected 
the kidneys, and all of these infections seem to have been reflected 
m the results of the renal tests 

The r6le of infection in the etiology of the nephntides is a matter 
of common medical knowledge, and the effect of infection on the 
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ability of the kidney to excrete hippuric acid has been previously 
noted The correctness of these observations seems well shown by a 
comparison of table 2, composed of cases with normal or nearly normal 
values for the benzoate test, with table 3, composed of cases with 
definitely abnormal values 


TABLE 1 


Normal renal function 


a 

Milligrams for 
each 100 cc. 

T3 

G 

trl 

U 

M 

0 

S 

to 

fj 

a 

i 

1 

a 

£ 

Phenolsulphonephthalem 

return 

Sodium benzoate 
return 

Diagnosis 

t 

0 

Creatinine 

a 

o 

t 

s 

Third hour 

Total 




per 

per 

per 

per 

per 

per 





cent 

cent 

cent 

cent 

cent 

cent 



Normal 






20 0 

90 0 


1 

32 

1 7 

3 7 


65 

68 1 

19 3 

87 5 

Malignant hypertension 

2 

38 

1 3 


38 0 

80 

70 4 

rah 

88 1 

Exophthalmic goiter 

3 








84 0 

Normal? Hemorrhagic icterus 

4 









Normal pregnancy 

5 

S3 

1 3 

2 4 


55 


12 4 

84 6 

Adenomatous thyroid, diseased 










gallbladder 

6 





70 

73 6 

21 8 

95 5 

Exopthalmic goiter, pregnanev , 










three months 

7 

34 

1 7 

3 5 



74 8 

13 6 

88 5 

Adenoma of thyroid 

8 

34 

1 6 


40 

65 

77 9 

11 9 

89 0 

Carcinoma of adrenal 

9 

36 

1 4 


38 

gwlj 

78 4 

17 9 

96 3 

Exophthalmic goiter, myocardial 










degeneration 

10 





58 

81 4 

17 3 

98 7 

Normal puerpenum 

11 

44 




44 

81 9 

24 0 

mi 

Normal pregnancy 

12 

34 

1 7 

3 5 


60 

82 5 

14 5 

is 

Adenomatous thyroid, myocardial 










degeneration 

13 









Normal puerpenum 

Group average 

58 2 

74 7 

17 3 

92 0 



It may be noted that all cases m which there was a history of scarlet 
fever and rheumatism, and cases m which chrome tonsillitis had 
occurred, as well as many cases of pyhorrhea and of six cases of gon- 
orrheal infection are included in table 3 With few exceptions the 
results of phenolsulphonephthalem and the sodium benzoate tests 
average higher m table 2 than m table 3 This difference, however, 
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TABLE 2 
Normal cases 





_C 

I 

Soiram benzoate return 


Infection 

Tunc 

£ 

c 

JR 

C. 

t 



1 



5 = 

If 

JR 

c- 

s 

JR 

O 

£ 

o 

JR 

1 

*« 

£ 



- ■ 

ptr cent 

Percent 

percent 

ftr cent 

2 

Measles 

iSlB 


105 

15 5 

121 


Influenza 


40 

(89) 

(15) 

(104)’ 


Gonorrhea 

192 2 


74 

15 

89 


Postpartum* 

7 vreehs 





3 

Diseases of childhood 



86 

ii 

97 


Appendectomy 

Postpartum* 

4 days 





4 

Diseases of childhood 
Influenza 

Tonsillitis 

At 13 years 

58 

81 

17 

98 


Postpartum 

4 days 





7 

Mumps in childhood (?) 
Tonsillectomy 

At 13 years 

44 

82 

24 

106 


Pregnancy 

8 months 





14 

In hospital on account of 

Until 9 y ears 






e>es 

Influenza 

1918 


72 

32 

104 


Hereditary syphilis (?) 
Pregnancy 

5 months 





8 

Diseases of childhood 
Pregnancy 

7 months 

55 

48 

46 

94 

20 

Diseases of childhood 
Tonsillitis 

1914 

50 

64 

31 

95 


Influenza 

1918 






Pregnancy 

8 months 





Aierage of 7 practically normal cases 

49 

m 

25 

100 


Sodium benzoate test. 














Case 
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TABLE 3 
Abnormal cases 


Infection 

Time 

Phenolsulphoncphthulein 

return 

Sodium benzoate return 

Two hours 

Third hour 

Total 



per cent 

i>er cent 

ter cent 

fer cent 

Recent puerperal fever 



25 

47 

72 

Postpartum* 

2 weeks 

43 

(44) 

(27) 

(71) 

Postpartum* 

3 S weeks 


62 

7 

69 

Diseases of childhood 


20 




Influenza 

1918 

131) 

48 

27 

75 

Appendectomy 


42 




Gonorrhea 






Term pregnancy* 






Diseases of childhood 



37 

15 

52 

Tonsillitis 


40 

(54) 

(14) 

(68) 

“Rheumatism” 



71 

13 

84 

Pregnancy 

7 5 months 





Pregnancy 

8 months 





Appendectomy 

1914 

58 

43 

20 

63 

Term pregnancy 



(53) 


(75) 

Postpartum 

1 month 


63 

24 

87 

Pneumonia 

At 11 years 


42 

17 

59 

Influenza 

1918 

43 

(47) 

(13 5) 

(61 5) 

Thyroidectomy 

At 17 years 


52 

10 

62 

Gonorrhea 






Pregnancy 

8 5 months 





Postpartum 

2 weeks 





Measles 

1920 





Scarlet fever 


29 

39 

29 

68 

Appendectomy 

1917 





Gonorrhea 






Pregnancy 

8 months 





Diseases of childhood 






Scarlet fctcr 


45 

50 

24 

74 

Gonorrhea 






Pregnancv 

8 months 






Sodium benzoate test 
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TABLE 3 — Continued 





C 

Sodium benzoate return 

p 

a 

U 

Infection 

Time 

c 

o 

je. 

£ 

If 

| | 

C 

■ 

■ 

c 

eZ 

e 

15 

Diseases of childhood 
Measles 

i 

fer cent 

Per cert 

per cert 

per cent 


Pneumonia 

Tonsillectom} 

Pregnancy 

At 6 }ears 
1921 

8 5 months 

43 

53 

30 

83 

16 

“Rheumatism”, measles 
Tonsillitis 

Term pregnane} 


53 

57 1 

27 

84 

17 

Diseases of childhood 

Scarlet fe\ er, appendectom} 
Tonsillitis 

Pregnanes 

1921-22 

6 months 

5S 

42 

28 

70 

19 

Acute rheumatism 
Tor.sillectorm 

Term pregnano. 

1921 

27 

64 

22 

S6 

18 

Mumps 

Carbuncles 

Influenza 

“Toxemia of pregnane}” 
gl} cosuria 

Pregnane} 

At 12 }ears 
1916 

1918 

7 months 

60 i 

1 

40 

588 

93’ 

A\ erage of abnormal cases 


44 

49 

27 

76 


is considerably more definite in the benzoate than in the phenol- 
sulphoncphthalem reactions Grouping these cases according to their 
pregnant and postpartum condition gi\ es no charactenstic difference 
In such a small senes of cases mth so man} factors to consider, the 
effect of the pregnant state itself on the renal function as re\ ealed b\ 
these tests is of course open to speculation 

Group 3 Subjects uith essential raw' involvement In table 5 is 
presented a group of fifteen patients, all of whom show more or less 
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albumin and elevation, or recent history of elevation, of the blood 
urea at the time of the benzoate test In four patients the blood 
urea was more than 100 mg for each 100 cc of blood and in one of 
these more than 300 All show considerable depression in the ben- 
zoate return, the highest three-hour return being 50 per cent instead 
of the normal 70 per cent The eight patients showing most marked 
impairment (cases 1, 2, 3, 4, 5, 6, 8, and 9) also show a very marked 
and parallel depression of the reactions to both the phenolsulphone- 


TABLE 4 

Cases of pregnant and. postpartum women ( summary ) 



O 

3 

o 

S 

3 

■a 

CJ 

a 

o 

•& 

ll 

So 

M Lh 
pu 

Sodiu: 

o 

rC 

H 

m benzoate : 

3 

o 

return 

'ri 

H 



per cent 

per cent 

per cent 

per cent 

1 Average 7 “normal” cases 


49 

75 

25 

100 

Pregnancy, 5 to 8 months 






Postpartum, 4 days to 7 weeks 






2 Average 12 “abnormal” cases 


44 

49 

27 

76 

Pregnancy, 6 months to term 






Postpartum, 2 weeks, also 1 month 






Before and after delivery 

2 





These showed improvement of 20 






and 10 points in two-hour 






values, and of 24 and 3 points in 






third-hour values 






Difference 

1 

5 

26 

+2 

24 


phthalem and sodium benzoate test The highest value for the former 
was 35 per cent, most of them bemg 25, 20, or lower, many even in- 
dicating no return The highest two-hour benzoate return was 30 
per cent, while the lowest reached the extremely low, yet definite 
amount of 4 3 per cent, or almost complete retention 

Of five patients (cases 7, 10, 11, 12, and 15) m this group having 
phenolsulphonephthalem values above 40 per cent, or within the 
normal limits of that test, four (cases 7, 10, 12, and 15) had more or 
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TABLE S 

Cases of rather marked renal lesions 



MiDigrajna for 



c 

Sodium benzoate 1 



each 100 cc. 


c 

J= 

return 







J: 

& 









*c 

c 

© 




Diagnosis 



O 

c 



*3 — 

i* 

1 





c 

y 

s 


o 




S 

n 

X 

i 

u 

c 

e-s 

§ 

jE 

C 


u 

p> 

u 

P 

£ 

fU 


H 

£-* 





cent 

ccnf 

per uni 

per 

cent 

P* r 

cent 

cent 



Normal 





dCI 

20 0 



‘{ 

180 

135 

9 8 

4 4 


10 0 

4 3 

4 9 

9 2 


2 

118 

12 9 

6 3 


Trace 

5 3 

1 8 

7 1 

Left posterior nephrectoms 










nght nephrolithiasis 

3 

320 

16 0 



0 

6 9 

7 4 

14 4 

Tuberculosis of ureter, kidney 






Faint 




and bladder 






trace 





4 

293 

11 3 

4 8 


Faint 

7 6 

6 4 

14 0 







trace 

i 




5 

161 

3 2 



30 0 

EEC 

14 8 

27 8 

Glomerulonephritis, uremia 






1 




Exophthalmic goiter 

6 ( 

90 

4 2 



j 20 0 


13 8 

27 8 

Arteriosclerosis 


63 



Pyelonephrosis 

7 { 

96 

80 




50 0 

20 1 

14 2; 

34 3 

Myocardial degeneration, en- 
dothelioma of bladder, car- 










anoraa of bladder 

8 

67 

6 5 

3 8 

1 002- 
1 010 

10 0 

21 7 

1 

11 0 

32 7 

Glomerulonephritis 

9 

67 

4 3 

5 5 


15 0 

iSjEfi 

17 2 

47 2 











hypertension 

10 

43 

1 5 


4 6 

45 0* 


25 8 

56 3 

Pol} cystic kidneys, postop- 










entire 

11 

32 

1 5 

3 1 


40 0 

43 3 

15 5 

58 8 

Exophthalmic goiter, general 











12 

62 

1 8 

1 5 0 

1 004- 

55 0 

43 3 

17 7 

61 0 

Embolic nephritis 





1 019 


53 6 

17 8 

71 4 


13 j 

97 

, 57 

3 1 
1 1 

i 5 C 

' 3 -j 

1 1 001- 
11 017 

30 0 

49 6 

30 6 

SO 2 

Subacute glomerulonephritis 


7S 

, 55 

1 I 

2 1 

? 5 7 

l 


35 0 

50 2 

25 2 

75 2 

Chrome nephritis 

15 1 

' 52 

i 22 

1 ( 
1 : 

ill C 
; 4 c 

) 

) 

55 0 


27 4 

77 9 

Acute glomerulonephritis 

Group average 

26 8 

26 3 

15 6 

>41 9 

1 


* Retarded at cvsto^copic examination 
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less elevation of the blood urea In each the benzoate return was 
definitely low for the two-hour period, which is m contrast to the 
phenolsulphonephthalem, but roughly parallel to the blood urea 
It would seem that, while the patient’s general and renal condition 
had undoubtedly improved, the benzoate test gave the more accurate 
conception of the degree of residual renal impairment 

Of the patients with nephrosis (table 6) all but one (case 5) showed 
slight but definite impairment of renal function by the criterion of the 
benzoate test In two of these (cases 1 and 2) the benzoate return 


TABLE 6 

Cases of chronic nephrosis 



Mi ligrams for 


s 

JJ 

Sodium benzoate 1 



each 100 cc. 


a 


return 







a 

a 

e 

o 

43 




Diagnosis 



c 

2 

3 


a 

u> 

D 





X) 

3 

a 

Je 

o =3 

3 

O 

4=1 

O 

4= 

3 

£ 


tj 

<3 

a 

Si 

D 

§ 

U 

u 

3 * 
£> 

2 £ 

43 u 

P-i 

6 

> 

H 

43 

H 





per 

per 

per 

per 

per 





cent 

cent 

cent 

cent 

cent 








20 0 

90 0 


1 

13 0 

l l 

”{ 

45 

70 


20 4 

79 4 

Nephrosis 

2 

35 2 

1 9 

4 6 j 

Kill 

60 8 

10 2 

71 0 

Nephrosis 

J 

58 0 

2 0 


35 

63 4 

15 6 

79 0 

Anemia, nephrosis (subacute 

3 l 

19 0 

1 5 

1 8 

glomerulonephritis) 

4 

22 0 

1 3 

2 2 

65 

64 6 

31 9 

96 5 

Nephrosis 

5 

30 0 

1 2 

2 7 

80 


11 0 

81 0 

Nephrosis, tonsil sepsis 

Group a\ erage 

57 

63 5 

17 8 

81 3 



appeared to be relatively more depressed than the phenolsulphone- 
phthalem output and the blood urea would seem to indicate It 
appears then that m nephrosis the benzoate output is relatively much 
higher than m other severe renal lesions, but follows the same general 
tendency as the urea and phenolsulphonephthalem Thus it appears 
that m the human there is a condition analogous to that found by 
Kingsbury and Bell (23) m the rabbit, that is, that severe injury to 
the convoluted tubules does not greatly affect the synthesis of hip- 
punc acid The relatively high benzoate output m these nephroses 
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suggests that m the benzoate test we ha\ e a further aid in differ- 
entiating this type of case in which the damage is mainly tubular 
(parenchymal) , and the type already considered, especially 7 nephritis 
per se, m which the damage is mainly 7 glomerular 

The recent work of Snapper and Grunbaum (47) may 7 be mentioned 
m this connection They administered sodium benzoate in 5 gm 
doses m cases of \anous types and compared the elimination after 
the first 12 hours with that after the second 12 hours They 7 found 
that in cases of nephrosis and in those with arteriosclerotic kidneys 
as well as in normal persons, this doseage was, with the exception of a 
few hundred milligrams, eliminated quantitatn ely 7 m the unne within 
twelve hours, provided there was no urea retention in the serum In 
contrast to these cases they found that m similar patients with urea 
retention the elimination of sodium benzoate might require forty- 
eight hours, and they questioned whether in such cases there uas a 
delay 7 in the symthesis of hippunc acid or only a delay in its elimina- 
tion They inclined toward the latter view because, since hippunc 
acid is a nitrogenous substance, and since the contracted kidney 7 has 
difficulty m secreting unne with a high concentration of nitrogenous 
substances, they believe there must be a close relation between water 
elimination and hippunc acid elimination They were able to show 
that after the administration of sodium benzoate to patients with 
contracted kidney s, hippunc acid can be demonstrated in the blood 
m amounts up to 90 mg for each 250 cc of blood, whereas m patients 
uith normal kidneys no hippunc acid, or only spunous traces of it, 
can be found under like conditions 

Snapper (45) was also successful m demonstrating that within 
twehe hours human bemgs with normal kidneys can eliminate hip- 
punc acid that can be synthesized from 5 gm of sodium benzoate, 
regardless of any 7 other affections This is found to be true m \ anous 
types of cancer and i anous types of cholelithiasis and gastnc ulcer, 
m croupous pneumonia and also in cases with derangements of bile 
secretion, for instance, patients with cancer of the pancreas with 
complete icterus Snapper likewise appreciated the possibility that 
when gly cocolic acid is dn erted from the body hippunc acid synthesis 
might be retarded, this he did not find to be the case If these con- 
ditions cccur with doses as large as 5 gm they certainly should occur 
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with a smaller dose of 2 4 gm employed m the sodium benzoate test 
Therefore, the work of Snapper et al tends to strengthen our belief 
that m this test we have a proper means of estimatmg the ability 
of the kidney m synthesizing hippunc acid, and accordingly a reliable 
index to its general functional capacity 

Group 4 Subjects with only slight renal involvement The limits 
of this group were rather indefinite (table 7) These patients had 
more or less hypertension, more or less arteriosclerosis, more or less 
myocardial degeneration, but presented normal values of the blood 


TABLE 7 

Cases of hypertension 


Case 

Milligram for 
each 100 cc. 

T5 

0 

« 

O 

Non protein nitrogen 

Blood 

pressure 

9 

•a 

rCJ 

Qi 

a 

o 

►a 

a 

le 

§£ 
jq * 

Sodium benzoate 
return 

Diagnosis 

1 

Creatinm 

Systolic 

O 

3 

P 

Two-hour 

Third hour 

Total 




Per 

per 

mm 

mm 

per 

per 

per 

per 





cent 

cent 

Bg 

Bg 

cent 

cent 

cent 

cent 



Normal 







70 0 




1 

21 0 

1 5 

5 3 


210 

130 

45 

63 2 


81 5 

Arteriosclerosis, hyper- 












tension, obesity 

2 

32 0 

m 

3 7 


220 

140 

65 

68 1 

19 3 

87 4 

Malignant hypertension 

3 

34 0 

H 


35 0 

175 

88 


74 9 

13 6 

88 5 

Moderate hypertension, 












multiple adenoma, 



I 









thyroid 

4 

38 0 

ii 

3 2 


208 

113 

60 

82 5 

14 5 

97 0 

Essential hypertension 

Group average 

57 3 

72 1 

16 7 

88 8 



urea and phenolsulphonephthalem return They had few symptoms 
pointing to renal disease, and their renal function seemed still to be 
adequate to their present needs In such cases there was moderate 
reduction m the benzoate output, but certainly less than m cases of 
actual nephritis 

The fact that m cases of this type (table 7, case 1), the benzoate 
return is reduced before the phenolsulphonephthalem return and 
blood urea retention, whereas m some of those in the precedmg group 
(table 5, case 15) it is more tardy m returning to normal with im- 
proi ement m the renal condition, warrants the following suggestion 
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m early cases of renal damage m which the general excretory function 
of the kidney, as shown by other tests, is good, the evidence points 
to impaired hippunc acid elimination, later with progress of the 
lesion, the major role in the retention is usurped by the inability to 
synthesize the hippunc acid This is, of course, of purely academic 
interest, and the fact apparently remains, that m this test there is an 
earlier indication of renal impairment than in our present interpreta- 
tions of phenolsulphonephthalem excretion and blood urea retention 
It is m the border-line cases m this group m which, with advancing 
life and the gradual impairment of the vanous systems, a test in- 
dicating the "margin of renal safety” would be of greatest value 
The desirability of having such a test is evidenced by the statement 
of a prominent pathologist (42) that probably 75 per cent of the 
functioning renal tissue is destroyed before the first clinical signs of 
renal insufficiency appear The benzoate test may be more sensitrv e 
to these slight changes than other tests employed in this field 
Group 5 Cases vnth definite hepatic involvement It was realized 
that one of the principal objections, physiologically speaking, to the 
benzoate test of renal function, might be the influence of lowered 
hepatic function on the synthesis of hippunc acid In order to deter- 
mine the extent of this influence tests were made on a number of 
selected patients with disease of the liver, some of which exhibited 
not only clinical evidence of orgamc hepatic disease, but also functional 
deficiency as indicated by the tetrachlorphthalem and other tests 
The degree of this functional impairment, as indicated by the retention 
of the dye m the blood-stream of these patients is noted in table 10 
All but three of the patients (cases 8, 9, and 10) had a rather definite 
reduction m the two-hour benzoate output Five of them (cases 6, 
7, 8, 9, and 10) had a three-hour \ alue within 8 per cent of the normal 
(90 per cent) E\en these patients, whose pathologic processes 
seemed most nearly limited to the liver, seemed to have impairment 
of the benzoate excretion m the first two hours, but the excretion 
tended to become more nearly normal m amount during the thud 
hour These findings are comparable to those of Delprat and Whip- 
ple (14), who noted delaj m the output of hippunc acid m dogs with 
hepatic injury , it also illustrates a tendency , notable throughout this 
work, of the thud-hour \alue to compensate for the two-hour -value, 
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TABLE 8 

Per cent of free benzoic acid excreted, by patients 


Case 

Free benzoic nad 

Difference* 

Two 

hour 

Third 

hour 

Total 

Two 

hour 

Third 

hour 


per 

cent 

per 

cent 

per cent 

per cent 

per cent 

1 

0 

72 

1 

86 

2 

58 





2 


62 

El 

ESI 

El 

92 



i 

1 


3 


75 

0 

36 

i 

11 



! 


4 

1 

20 

1 

05 

2 

25 



i 


5 

El 

83 

1 

34 

2 

17 





6 

2 

16 

El 

86 

3 


60 

0 

84 

1 

7 

1 

05 

i 

24 

2 

29 





8 

1 

56 

i 

04 

2 

60 





9 

1 

11 

0 

67 

1 

7S 





10 

0 

30 

0 

21 

13 

51 

3 

9 

8 

7 

11 

3 

23 

2 

87 

6 

ESI 

49 

2 

SO 

7 

12 

3 

41 

2 

21 

5 

62 

48 

8 

65 

4 

13 

2 

N 

00 

3 

36 

6 

23 

35 

9 

68 

8 

14 

0 

53 

0 

87 

1 

40 





15 

0 

86 

0 

69 

1 

55 





16 

1 

56 

1 

48 

3 

04 

82 

5 

01 


17 

1 

45 

1 

66 

3 

11 

25 

1 

35 

7 

18 

4 

10 

3 

80 

7 

90 

68 

1 

76 

7 

19 

0 

6Q 

0 

57 

1 

26 

4 

6 

5 

S 

20 

1 

49 

0 

78 

2 

27 

6 

1 

11 

7 


Dmgno'is 


Hypertension, obesity 
Acute glomerulonephritis 
Malignant hypertension 
Nephrosis 

Chronic glomerulonephritis 
Biliary cirrhosis 
Chrome nephritis 
Embolic nephritis 
Nephrosis 

Chrome glomerulonephritis 
Biliary cirrhosis 

Common duct stone, obstructive laundice 
Infectn e jaundice 
Tuberculosis of the kidneys 
Carcinoma of the bladder, pyelitis 
Stricture, common bile duct 
Obstructn e jaundice (postoperatn e) 
Hypertension, gallbladder 
Left, nephritis, right, nephrolithiasis 
Chronic glomerulonephritis 


* The difference is between the total and free benzoic acid values, that is, the value for 
the conjugated, non-tovic hippunc acid expressed as benzoic acid in percentage terms of 
the administered dose 


TABLE 9 


Comparison of group averages 



T>pe 

Cases 

Phenolsulpho- 

nephthalein 

Sodium benzoate return 



return 

Two hour 

Third hour 

Total 




per cent 

i 

per cent 

per cent 

per cent 





70 0 

20 0 

90 0 

Table 1 

Normal 

13 

58 2 

74 7 

17 3 

92 0 

Table 6 

Ilvpcrtension 

4 

57 3 

72 1 

16 7 

88 8 

Table 7 

Nephrosis 

5 

57 0 

63 5 

17 8 

SI 3 

Tabic 12 

Hepatic 

10 

53 0 
(3 cases) 

49 4 

22 4 

71 8 

Table 5 

Nephritis 

15 

26 8 

26 3 

1 15 6 

41 9 
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thus making the total three-hour "\alue approach normal This 
probably indicates a tendency of the synthesis and elimination to 
proceed at a maximum rate, hence the influence of diet may not be 
great, as the damaged mechanism can ( 5 ) only eliminate so much 
hippunc acid for each unit of time, regardless of the amount which 
may have accumulated in the blood stream 


TABLE 10 

Degree of functional imbairmei t of Irer, and surrmar\ of laboratory findings m cases o' 
roller marked lepahc in-ohcrrcrl 


Cast; 

MQlt 
grams 
for each 
100 cc 

e 

o 

5 

C 

b 

*£ 

B. 

I 

c. 

e 

£ 

a 

H 

IMicnDl&ulptoncplitimlcin 

return 


m 


• 

V 

I 

U 

Diagnosis 

<3 

b 

.£ 

c 

c 

£ 

U 




per 

per 


per 

Per 








cm! 

cm t 


cent 

cent 





Normal 








20 0 

90 0 



1 

35 



29 

4 





3 

Toxic jaundice after arsphen- 













2 







26 5 

12 3 

39 3 

3 

Obstruct!! e jaundice 

3 

26 

i l 

1 s 


4 


38 7 

36 3 

75 0 

B 

Jaundice 3 

4 r 

28 




4 


26 5 

24 1 


1 

Carcinoma of bier’ 

i 

15 


•) 1 


2 


51 2 

IS 5 

66 7 



5 

36 


36 5 


4 


52 3 

IS 7 

71 0 


Obstructne jaundice 

6 

10 




4 

40 

52 4 

34 4 

86 7 


Biliarj arrho=is 

7 

10 

1 2 

2 0 


3 

80 

5S 5 

23 9 

2 4 

2 

Cirrhosis 

8 

22 




4 


62 2 

24 9 

87 I 

i 

Cirrhosis 

9 

29 

t 6 

1 6 


3 

45 

64 8 

20 7 

85 8 

i 

Cirrhosis 

10 

I 

12 1 4 

1 7 

f 

4 


S4 1 

9 9 

m 


Postopcratn e stricture of 


1 

1 


\ 

1 






common duct 

Group aicragc 

53 

49 4 

i 

22 4 71 8' 2 

i t 



* See table 1 1 


In order to obtain a basis of comparison m this group between the 
two tests of greatest significance, the beiuoate elimination \alues for 
the two-hour period are expressed b\ grades (see table 11) On this 
basis table 12 is obtained from table 10 

In this comparison it appears that m the first four cases there was a 
somewhat parallel retardation m the elimination of the two sub- 
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stances, and m tlie remainder the lack of parallelism was seemingly 
the prominent feature, m one (case 8) the dye being retained to a 
marked degree, while the benzoate excretion closely approached 
normal In none of these cases was there any notable retention of 
urea m the blood, which would suggest that the kidneys were func- 
tioning normally, and that any impairment m hippunc acid excretion 


TABLE 11 


Grades 

Elimination* 


per cent 

1 

60-70 

2 

50-60 

3 

20-50 

4 

Below 20 


* Normal elimination is 70 per cent or more 


TABLE 12 

Comparison of tclraclilor phthalciit and. benzoate elimination in ter cases 


Grade 

Tetrachlorphtbalem elimination 
grade 

Benzoate elimination, grade 

1 

4 

3 

2 

— 

3 

3 

2 

3 

4 

I 4 

(* ' 


\2 

\2 

5 

4 

2 

6 

4 

2 

7 

3 

2 

8 

4 

1 

9 

3 

1 

10 

1 

1 

Average 

3 

J 

2 


was due to other causes, presumably hepatic changes Before accept- 
ing such a hypothesis one must remember that in jaundiced patients, 
as was notably true for the first four patients m this group, the values 
for blood urea are decreased (4) 

The possibility of hepatic damage limiting hippunc acid synthesis 
is by no means excluded, m fact, the view is well supported that 
hepatic damage does delay it Viewing this group broadly, the 
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evidence -would seem to demonstrate impairment of renal function 
rather than hepatic disease per se Such a mew would be m harmony 
with the work of the recent group studying hepatic function at the 
Mayo Clinic, especially Counseller, who has histologically demon- 
strated definite lesions of the nephrosis type m patients who have 
been suffering from rather protracted obstructive jaundice With 
only two of ten three-hour \ alues for benzoic acid m table 10 below 
66 per cent, whereas m table 5 only four of fifteen were above it, it 
appears that m this group there is little evidence of extensive renal 
damage, even by the criteria of the benzoate test, certainly there is 
definite contrast between the two groups 
In this connection Snapper's work should be recalled, which showed 
that patients with complete obstruction of the common duct and 
those with complete biliary fistula did not differ from those of normal 
persons in their ability to synthesize and eliminate hippunc acid 
However, the twelve-hour test period which he employed would not 
have revealed any delay m the first two hours as our experiments 
suggest, as do also those of Delprat and Whipple (14), and of Lachner, 
Levinson, and Morse (30) Morgulis’ (39) suggestion that the liver 
may play a subsidiary" r61e in the synthesis in the mobilization of 
glycogen is strengthened by our finding a much greater amount 
of free benzoic acid in this group than m any r other 

EXPERIMENTS WITH DOGS 

Dogs were selected whose livers had been subjected to experimental 
injury of various types Each recerv ed a dose of 0 5 gm of sodium 
benzoate for each kilogram of body weight, administered intrave- 
nously m a 20 per cent solution Only" female dogs were used and 
specimens of urine were ob tamed by' catheterization two, five, ten, 
and twenty -four hours after injection of the benzoate These speci- 
mens -were examined for total and free benzoic acid by the methods 
described In table 13 the benzoic acid return is indicated in terms 
of the percentage of the administered dose In the two normal dogs 
there is similarity not only in the returns for the shorter penods but 
in the differences between the total and free benzoic acid \ alues, 
indicating that the synthesized benzoate or hippunc acid is almost 
identical, 53 4 and 518 per cent 



TABLE 1J 

Sinnmnrv of experimental dork cn dogs 
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5 

6 
r 

a 

Normal 

Normal 

Obstructive jaundice 

Obstructive jaundice 

Obstructive jaundice 

Sodium benzoate return 

l«l°X 

per cent 

59 5 
53 4 

6 13 

57 8 
51 8 

6 0 

73 9 
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22 8 
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Dog 3 with definite, severe, and progressive obstructive jaundice 
was given benzoate on three occasions The phenol-tetrachlor- 
phthalein and bilirubin tests indicated definite hepatic injury The 
values for the benzoate determinations, however, were, at the time 
of the first examination, very nearly parallel to those of the normal 
dogs, the difference being 51 1 per cent, the values for the shorter 
periods did not vary more than the corresponding ones might for 
normal dogs Later examinations showed no significant change from 
the first examination Here then, despite a progressive hepatic 
lesion the benzoate values were essentially normal, as were the renal 
function tests 

Dog 4 had normal renal function, normal phenol-tetrachlor-phtha- 
lem return, normal coagulation time, and no serum bilirubin The 
following day 6 cc of chloroform m oil was given intramuscularly 
A day later there was bilirubin m the serum, an increased coagulation 
time, and marked retention (grade 3) of phenol-tetrachlor-phthalein 
these results all point to definite acute impairment of hepatic function 
In this case the amount of synthesized benzoate at the end of two 
hours was 16 per cent, and at the end of ten hours 41 6 per cent, 
values essentially equivalent (?) to those found m the normal dogs 

Dog 5 had six mtra -portal injections of chloroform, at operation 
just preceding the injection of benzoate the liver was seen to be 
shrunken and distorted by bands of fibrous tissue The liver function 
tests showed considerable serum bilirubin and notable (grade 3) 
retention of phenol-tetrachlor-phthalein, the renal function, on the 
other hand, was normal as shown by the phenol-sulphone-phthalem 
test (60 per cent) Despite the hepatic injury the synthesized ben- 
zoate values appear quite normal, 65 3 per cent being synthesized 
during the twenty-four hours following the administration of the 
benzoate, and the values for the shorter periods were quite comparable 
to those found m normal dogs 

Dog 6, when first exammed, had an Eck fistula, made preparatory 
to hepatectomy, while no functional tests had been made it is known 
that the hepatic function m such cases is somewhat impaired The 
values following the first benzoate administration were essentially 
normal Somewhat later this dog was hepatectomized by Mann 
(37) by his ovn method, but unfortunately the dog became anunc 
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after the collection of the two-hour specimen This specimen showed 
a definite synthesis of hippunc acid although the amount was smaller 
than on the previous examination This may ha\ e been due to the 
factors causing the anuna, such as fall m blood pressure or surgical 
shock, rather than to failure of the detoxicating mechanism itself 
The absence of the liver may ha\ e been responsible for the anuna, 
since with the failure of glycocoll mobilization, which we conceive 
as the hepatic r61e m this synthesis, the rather large dose of sodium 
benzoate became actually tome It would be interesting to know 
whether synthesis might not have taken place essentially as well in 
such a dog as in others had glycocoll been given intrai enously following 
the hepatectomy 

This work on dogs strongly supports the belief that in the dog the 
liver has no direct concern m the detoxication of hippunc acid, but 
that it is probably essential to mobilization of the glycocoll necessary 
to the synthesis This work seems m harmony with the results noted 
in human patients, although it is not directly comparable since in the 
dog benzoic acid is not normally conjugated to hippunc acid to as 
large an extent as in the human 

TREE BENZOIC ACID 

Morgulis and his co-workers objected to the benzoate test as 
proposed by Kingsbury on the basis of inaccuracies due to the fact 
that a certain amount of benzoic acid is excreted m the free state 
In table 8 our findings in this regard are abstracted Two-hour 
and three-hour \alues for free benzoic acid were obtained m twenty r 
of the cases (table 8) The per cent of free benzoic and, relative to 
the administered dose, is indicated and the values are therefore 
comparable to those of the total benzoic acid eliminated The results 
may be summarized as follows two cases 0 to 1 per cent, five cases, 
1 to 2 per cent , six cases, 2 to 3 per cent , and sev en cases more than 
3 per cent 

It is significant that all of the patients with i alues abov e 3 per cent 
had hepatic impairment, of these, two had biliary cirrhosis, and two 
obstructive jaundice, one was a case of infectious jaundice, one had a 
stricture of the common bile duct and the last had cholecystitis 
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This evidence gives weight to the hypothesis of Morgulis that the 
r61e of the liver in this particular function is secondary only and is 
mainly concerned with the formation or mobilization of glycocoll 
Such an hypothesis would lead one to suppose that there is, at a 
given time, insufficient glycocoll m the blood stream for a maximal 
detoxication by the kidneys, which, bemg intact, detoxicate and 
eliminate the benzoic acid as fast as the requisite glycocoll is brought 
to them This would be m harmony with the situation described 
m this section of our work, with the delay observed by Delprat and 
Whipple, and by Lachner, Levinson, and Morse, with the increased 
formation of hippunc acid with increased glycocoll feeding as de- 
scribed by such workers as Lewinski, Griffith and Lewis, and Csonka, 
and with the delay m hippunc acid elimination observed by us in 
hepatic cases during the first two-hour penod of the test, tending to 
attain by the end of the third hour a normal full three-hour value 
In the hepatic cases there appeared to be a faulty synthesis rather 
than the faulty elimination observed m the severe nephntic cases 

The error of this test as an indicator of renal function is probably 
greatest in cases with hepatic disturbance, in such cases the three- 
hour total value is most significant from a renal standpoint From 
our data it appears that a three-hour free-benzoic acid value which 
is above 3 per cent after giving 2 4 gm of sodium benzoate is highly 
suggestive of some hepatic disturbance On the other hand, from 
table 8 it appears that even m cases of marked renal insufficiency 
(cases 10, 19, and 20) much smaller amounts of free benzoic acid are 
excreted m the urine and at no time were these great enough to 
detract from the clinical information available from the test 

DISCUSSION 

Since the mam points indicated by the examination of the various 
groups were discussed m their appropriate relations, little m the 
nature of a general discussion is necessary A few points will, how- 
ever, be emphasized 

The synthesis of hippunc acid is not senously interfered with by 
diseases of the parenchyma of the kidney, as severe nehprosis In 
destructive lesions of the kidney, such as those due to tumors, multiple 
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cysts, tuberculosis, or nephritis, there is marked interference ruth 
its elimination Although, according to the work of Snapper, it 
appears that even here the hippunc acid may be synthesized and 
merely dammed back in the blood stream, this seems to us decidedly 
open to doubt in the severest cases 

The two-hour value, from a renal standpoint, is probably the more 
significant figure of the test for reasons heretofore elaborated In 
this connection a suggestion might be offered for the use of the ben- 
zoate test m conjunction with the phenol-sulphone-phthalem test 
The diet had best be controlled with regard to fruits, especially cran- 
berries, for from twelve to twenty-four hours precedmg the test 
Immediately after voiding the morning specimen, the usual amount 
of phenol-sulphone-phthalem should be given intravenously Fifteen 
mmutes later the patient should take 2 4 gm of sodium benzoate 
as described The urme Iot two hours and fifteen minutes should 
be collected as a single specimen, carefully measured, and several 
portions taken for the determination of the phenol-sulphone-phthalem 
and total benzoic acid values 

CONCLUSION'S 

1 The sodium benzoate test is of value in determining the functional 
capacity of the kidneys No other type of affection so definitely and 
markedly affects its synthesis or elimination Howe\ er, a free benzoic 
acid value above 3 per cent of the administered dose of sodium 
benzoate suggests a secondary hepatic lesion, the high value probably 
being due to the inability of the h\ er to mobilize gl> cocoll , it probably 
should not be construed as reflecting against the ability of the kidney 
to detoxicate the substance In other cases the amount of free benzoic 
acid is probably negligible, clinically speaking 

2 The benzoate test is probably a more delicate indicator of earlj 
functional renal disturbance than other tests m common use, and, 
therefore, should be of greatest value in patients with earlv suspected 
renal involvement or m patients whose phenol-suphone-phthalem 
or blood urea tests are still normal or ha\ e returned to normal The 
test has no particular advantage o\ er other tests m ad\ anced cases, 
inasmuch as the technique is more time consuming, although this 
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factor, m a well organized laboratory m an institution where many 
renal cases are studied is by no means prohibitive 

3 The results of these experiments confirm those of Kingsbury 
regarding the standard of “normal” excretion for this test, which is 
an excretion of 70 per cent or more of the benzoic acid equivalent 
of the sodium benzoate in two hours, and from 85 to 90 per cent or 
more, in three hours 

4 The work on dogs gave little evidence that the ability of the 
animal to synthesize and eliminate hippunc acid was decreased when 
the liver was damaged or absent, except that there was a lack of 
available glycocoll, making the synthesis impossible for other organs, 
such as the kidney 

5 Further work might demonstrate the determination of free 
benzoic acid elimination, after administration of a standard dose of 
sodium benzoate, to be of value as a functional test m establishing 
the degree of hepatic impairment 
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STUDIES ON THE MORNING ALKALINE TIDE OF URINE IN 
NORMAL PERSONS AND IN PATIENTS 
WITH NEPHRITIS 1 
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INTRODUCTION 

The hydrogen-ion concentration of the urine has been the subject of 
much interesting study, by both pathologist and clinician, especially 
since the work of Henderson and Palmer These investigators, using 
twenty-four hour specimens, studied the hydrogen-ion concentration 
of the urine both in normal persons and in patients with various dis- 
eases, mduding nephritis They found that on the average the urine 
of nephntics was definitely more acid than that of normal persons 
It has long been well-known that in normal individuals the urine is 
more alkaline during the morning In 1919, Leathes investigated the 
changes that took place m the morning specimens in cases of acute 
and subacute nephritis in soldiers, and found that the alkaline tide, 
which was always normally present, was sometimes reduced or eien 
absent m nephritis 

As there were such good opportunities at the Mayo Clinic to study 
cases of nephritis, it seemed important to discover what bearing 
Leathes’ test might have on treatment or prognosis Studies were 
accordingly undertaken with this object m new 

METHODS 

The first senes of cases was investigated according to a modification of Leathes’ 
technic (table 1) His method of demonstrating the alka l ine tide was as follows 

1 Submitted to the Facultv of the Graduate School of the Um\ ersity of Min- 
nesota in partial fulfillment of the requirements for the degree of Master of 
Science in Mcdianc, March, 1923 
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A night specimen of urine was collected at 7 00 a m for the period from 11 00 
pm to 7 00 a m , and the second specimen at 8 00 a m , immediately after which 
500 cc of water was given Hourly specimens were then collected until twelve 
o’clock No other fluid or food was taken by the patient after the evening meal 
preceding the test until its completion By using suitable indicators, and titrating 
with tenth-normal acid and tenth-normal alkali, Leathes estimated the alkalinity 
per cent of the urine Henderson and Palmer had previously described a similar 
method for obtaining the ratio of actual to total possible alkali excreted, by titrat- 
ing with acid and alkali to a known hydrogen-ion concentration It will be noted 
that by giving 500 cc of water the ability of the patient to excrete water could be 
tested, and the range of specific gravity determined In all the cases described 
the amount and specific gravity of each specimen was noted 

A senes of buffer solutions were made up according to the method of Henderson 
and Palmer At a later date these solutions were made up from Clark’s tables 
The accuracy of the pH solutions was checked by means of the electro-titration 
apparatus of Wendt, and m some cases the pH of the urine was estimated by this 
means as well as by the colonmetnc method The pH was estimated in all cases 
except those m table 1 

In the course of the work it became apparent that the hydrogen-ion concen- 
tration of the urine may change soon after it is voided It has been shown by 
Gamble, and by Marshall, that on standing or shaking, carbon dioxid is liberated 
from the urine, and that the resulting change in pH may be quite marked, es- 
pecially m the more alkaline urines It was therefore decided to nm a senes of 
urine samples from normal and abnormal cases, estimating the carbon dioxid and 
phosphates in addition to the properties mentioned The phosphates were of 
particular mterest as they are largely responsible for the buffer action of the urine 

The carbon dioxid in the various specimens was estimated by van Slyke’s 
method, and the phosphates by Doisy and Bell’s colonmetnc method In this 
group of cases, all males, every precaution was taken to avoid any loss of carbon 
dioxid, and the consequent change m hydrogen-ion concentration The urine m 
each case was passed by means of a funnel which emptied below a layer of toluene 
into an especially prepared narrow cylinder This was at once corked, and, care 
being taken to avoid any shaking, earned to the laboratory m a neighboring 
room, where the carbon dioxid was at once estimated and the pH determined, 
immediately after this the alkalinity per cent was estimated The complete study 
as outlined was earned out m all the normal cases (table 2) and m certain of the 
abnormal cases included m tables 3 and 4 The carbon dioxid and phosphate 
results for both normal and abnormal cases are shown in table 4 

One of the simplest tests for changes m the acid-base equihbnum in the individ- 
ual was the direct determination of the alkali reserve of the blood plasma by van 
Slyke’s method It seemed important to determine at the onset whether there 
were not definite abnormalities in the excretion of acid by the kidneys, with little 
or no decrease in the carbon dioxid combining power of the blood plasma Accord- 
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ingly, in a group of both normal and abnormal cases, I determined this factor, 
using samples of blood obtained both before water was given and at the time the 
diuresis should be at its height (table 7) 

RESULTS IN NORMAL CASES 

The minimal excretion from 8 00 a m to 12 00 m , after 500 cc 
of water had been given at 8 00 a on , was 260 cc , the maximal 1066 
cc , and the average 699 cc The minimal specific gravity at the 
height of diuresis varied from 1 003 to 1 012, while the maximal 
varied from 1 024 to 1 035 The smallest range difference was 0 020 
m a case in which the specific gravity varied from 1 012 to 1 032 The 
greatest range difference was 0 030, the specific gravity varying from 
1 005 to 1 035 The average range difference was between 0 024 and 
0 025 The initial alkalinity per cent varied from 21 to 56, and the 
maximal from 64 to 96 In every case there was a definite and unmis- 
takable nse m the alkalinity per cent during the morning, under the 
conditions of this test The initial pH ranged from 5 35 to 6 2, with 
an average of 5 65, the maximal pH from 5 9 to 7 7, the average bemg 
6 95 The phosphates always showed a decrease during the morning, 
the night specimen alw a> s containing the maximal amount Follow- 
ing the early initial decrease there was a definite though slight increase 
later m the morning, even though the urine became more alkaline 
The results m these normal cases are m accord with those of Leathes, 
showing m every case a definite diuresis and a definite alkaline tide 
during the morning Leathes also performed the test with varying 
amounts of water, even less than 500 cc , and found that the change m 
the alkalinity per cent still persisted In one normal case I tned the 
test without administering water, and obtained a normal curve for the 
alkalimtj per cent, and an increase in the pH figures as in the other 
normal cases m which water was given 
The change in the pH toward the alkaline side during the morning 
show ed a definite but not exact parallelism to the cur\ e of the alkalin- 
ity per cent The carbon dioxid increased relativ el\ with the increase 
in alkalinity In ever} case it was found that a higher pH figure, 
that is, a change to the alkaline side, was accompanied b\ relativ clj 
increased carbon dioxid, and corresponding!} an increased aciditv was 
alwavs accompanied b\ a fall in the carbon dioxid In other words 
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the carbon dioxid always varied directly with the figure of the hydro- 
gen-ion concentration This is m accord with the work of Gamble and 
Marshall The total carbon dioxid naturally does not follow the pH 
so strikingly The decrease in the phosphates during the morning 
and the later increase correspond to the findings of Fiske 


op*oifio gravity 
7-8 8-9 9-10 10-11 11-12 



Fig 1 Average Curves for Ten Normal Cases 

The average curves of the various factors determined in normal 
cases are shown graphically m figure 1 

RESULTS IN ABNORMAL CASES (TABLES 1, 3 AND 4) 

Similar types of cases are grouped together and those m which the 
complete study vas made are indicated From a study of these 
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tables it will be obser\ ed that, while m some cases the test shows that 
all the factors are within normal limits, in others there are marked 
deviations from the normal Leathes divided the cases which reacted 
abnormally into three groups (1) those with little or no diuresis, but 
a normal alkaline tide, (2) those with diuresis, but no alkaline tide, 
and (3) those with neither a diuresis nor an alkaline tide 

The alkalini ty per cent findings which are corroborated by the pH 
figures show that most of the cases m this senes belong in one or 
another of these groups, although there are % ery few in group 1 To 
these three groups of cases, however, I would add a fourth small group, 
in which there was a definite acid tide during the morning, a reversal 
of the normal alkaline tide This group will be discussed later at 
greater length 

It is to be noted that, ei en though the urine may react fairly nor- 
mally with regard to diuresis, alkaline tide, or both, the range of the 
specific gravity may still be very limited 

The carbon dioxid in all cases, as was to be expected, vaned 
inversely as the acidity 

In cases without an alkaline tide, there is a tendency, which may be 
very marked, to a fixation of the amount of phosphate excreted each 
hour A study of the tables showing the phosphate estimation in 
the mght specimens of normal and abnormal cases brings out an inter- 
esting fact Under the conditions of this test the maximal mght con- 
centration of phosphates in abnormal cases, estimated as milligrams of 
phosphorus for each 100 cc , is less than the minimal normal mght 
concentration The a\ erage figure for the abnormal cases likewise 
nas much below the normal average The maximal figure of total 
phosphates for the abnormal cases was the same as for the normals, 
but this uas -very exceptional, as the next highest figure, 244 9 mg , is 
almost the same as the minimal figure for the normals On the whole, 
m abnormal cases, the phosphates, both total and relatix e,in the mght 
specimen were definitely belov, normal 

DISCUSSION' 

In studying renal function from a new viewpoint, it is, of course, 
necessary that the results obtained be correlated with previously 
accepted standards In this study sei enty -four hospital cases v. ere 



40 


MORNING ALKALINE TIDE OF URINE 


investigated, the majority of winch were suffering from definite renal 
disease, although a few other conditions were included In tables 
5 and 6 the mam clinical and functional findings are correlated to- 
gether with the results of the present studies with regard to the 
morning alkaline tide 

The tendency toward a lack of diuretic response is evident, although 
in some cases the response is well within normal limits In compari- 
son with the minimal normal excretion of water, 260 cc , it will be 
noticed that m a large number of cases this function is limited, some- 
times very markedly The marked tendency toward fixation of the 
specific gravity m the urrne of many of the cases is very staking, 
especially m table 1 

A study of the alkalinity per cent figures m tables 1 and 3 will show 
m what a large proportion of cases of chronic glomerulonephntis there 
is an abolition, either partial or absolute, of the alkaline tide To be 
well under the standard set by normal cases, I have considered that 
all with a difference between the initial and maximal alkalinity per 
cent of less than 15 should be considered m this class In figure 2 a 
number of curves of the cases of this group are shown with the normal 
curve superimposed The flattening of the curves is at once apparent 

Very few cases other than those of chronic glomerulonephntis and 
subacute diffuse nephntis fall below this standard, the exceptions 
including two cases of malignant hypertension, two of artenosclero- 
sis, two of focal nephntis, one of gout, one of bilateral polycystic kid- 
neys, and one of bilateral hydronephrosis This last case, m which 
there was an acid tide, is discussed with that group 

Figure 3 represents the curves found in a case of chronic glomerulo- 
nephntis which was clinically severe (case 49) , the patient has since 
died In each section of this figure the normal average curve is also 
given for companson As will be observed, the hourly output of urme 
is almost constant, the specific gravity is virtually fixed, and the 
alkalinity per cent shows very little change The pH figure is the 
same for each specimen and is at a high acid level for urine All 
these indicate a fixed acid unne The carbon dioxid, m accordance 
with the pH, remains very low and fixed, and the phosphates also 
show a marked tendency toward fixation 

Thus it would appear that in such cases of chrome and subacute 
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glomerulonephritis the kidnej s excrete a more or less fixed urme with 
the amounts of the mam elements little changed from hour to hour 
These facts indicate that the kidneys m such cases constantly excrete 
their maximal amount and have lost that reserve excretory function 
so characteristic of normal kidneys The kidneys m this case (case 
49) were unable, even at the height of their function, to eliminate the 
normal waste products, which therefore accumulated in the blood, as 



Fig 2 Curves rs Cases \\ ithoct A.lkauxe Tide Contrasted with Curve 
es Case with Axkaeene Tide 

Composite normal Other curves, cases without alkaline tide 

indicated by a blood urea of 345 mg for each 100 cc , and a blood 
creatmm of over 12 mg for each 100 cc 
By studying the clinical findings gn en m tables 5 and 6, and by 
observing the number of patients m groups 1 and 3 a ho hate died, 
an indication of the set enty of some of the cases will be obtained 
Included m these groups of course are other patients m whom the 
nephritis was climcallt comparatn eh mild Although the urinary 
findings obtained m different cases bt this test tart considerably, 
as would be expected m general it mat be said that onlt m cases of 
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chmcaUy severe nephritis is there an abolition of the alkaline tide 
These cases also show that there may be marked fixation of the specific 
gravity m spite of an alkaline tide, a diuresis well within normal 
limits, or both As indicated in the results with abnormal cases, 
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Fig 3 Curves in Case of Severe Chronic Glomerulonephritis Contrasted 
with Curves in Average Normal Case 

o o Normal cases ® O Case of severe chrome glomerulonephritis 

some of the patients who were tested (besides those already mentioned) 
showed limitation of function m some respects, but these findings were 
not constant or marked enough to require particular comment 

Since the carbon diovid in the urine depends on the acidity, it would 
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seem that the estimation of the carbon dioxid had no practical value 
The tendency of the phosphates to he fixed m the cases with no alka- 
line tide is significant, but the lowering of the phosphate content of the 
night unne in cases with renal mi oh ement would appear to be even 
more so I have never seen any record of such a lowering of the phos- 
phate content in the night unne of nephntic patients, and such an 
estimation may prove of practical value However, further investiga- 
tion along this line must be earned out Vanations max depend on 
the diet and on the partition of the phosphate excretion between unne 
and feces All the abnormal patients m which this was found were on 
a limited, controlled diet, while the normal subjects were not 
restricted 

Table 7 gives the results of the estimation of the carbon dioxid 
combining pov. er of the blood plasma m a number of normal and abnor- 
mal cases In none of the abnormal cases studied in regard to this 
pomt were there symptoms suggestmg acidosis As was to be 
expected, the alkali resen. e of the blood of normal subjects showed 
no significant change during diuresis In the group of clinical cases of 
nephritis studied, there was no diminution of the reserv e alkalinity of 
the blood, and, as m the normal cases, there was no significant change 
during diuresis 

An acid tide was encountered m four cases, and in these there was a 
definite increase m the acidity during the morning The first case in 
n hich this phenomenon was encountered was case 10 The result was 
thought at first to be incorrect, but the test was repeated three tunes 
without i anation m the result It is true that in this case the speci- 
mens were not examined as soon as they were passed, but, as this acid 
tide was an isolated phenomenon among the large group ol cases and 
as it occurred so persistent!} , its presence maj be considered as 
estabhshed This case was one of chrome glomerulonephritis The 
clinical findings were blood pressure 150 systolic and 90 diastolic, 
albumin 2, no casts or red blood cells, blood urea 289 mg for each 
100 cc , blood creatinm 6 2 mg for each 100 cc , no edema, normal 
e} e-grounds and a phenolsulphonephthalem return of 5 per cent 
The patient died later 

This acid tide v as next obserx ed in case 70 The diagnosis, bilateral 
hx droncphrosis xxas confirmed at necrops} The albumin varied 
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from 1 to 3 while the patient was m the hospital, the maximal blood 
urea was 327 mg for each 100 cc , the maximal blood creatmm was 
22 6 mg for each 100 cc , edema was present, the eye-grounds showed 
a pallor of the discs but were otherwise negative, there was no return 
of phenolsulphonephthalein, and the blood pressure was 158 systolic 
and 94 diastolic The pH m this and the remaining two cases con- 
firmed the presence of an acid tide 

The third patient (case 40), was a young man, aged twenty-three, 
with a diagnosis of chrome glomerulonephritis His unne contained 
albumin varying from 1 to 3, and microscopically showed a few casts, 
and a considerable number of red blood cells The blood urea was 74 
mg for each 100 cc , and the blood creatmm 1 8 mg for each 100 cc , 
edema was present, the eye-grounds were normal, the phenolsulphone- 
phthalem return was 40 per cent, and the blood pressure 194 systohe 
and 122 diastolic This patient felt well enough to be up and about 
His death occurred shortly after leaving the hospital 

In the fourth case (case 46) the disease diagnosed chronic glomer- 
ulonephritis His blood pressure was 200 systolic and 140 diastolic, 
his unne showed albumin 1 to 2, a few casts and red blood cells His 
blood urea was 154 mg for each 100 cc , and his blood creatmm 2 7 
mg for each 100 cc There was slight edema The retinal artenes 
showed a reduction of caliber, and there was a suggestion of edema of 
the discs with a small, diffuse hemorrhage above the left one The 
phenolsulphonephthalein return was 5 per cent This patient had a 
long and severe illness while here, his condition being considered very 
critical The patient lived a short time on a reduced diet, and with 
limited activities Following indiscretions he rapidly became worse, 
and died fourteen months after this test was made 

In this case each specimen was exammed at once, and every precau- 
tion taken to avoid any change m hydrogen-ion concentration 
A summary of the findings m these four cases will be found m table 
8 and figure 4, which gives the curves of the alkalinity per cent figures, 
the normal curve bemg superimposed for comparison They show 
graphically how little variation there is in the hourly output of unne, 
the virtually fixed specific gravity, and the unmistakable acid tide 
The crossing that occurs between the normal curve and those of the 
acid tide cases is also stnkmg The abnormal unne shows first a 
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relatively high alkalinity but becomes progressrvely less alkaline 
until noon, while in normal urine, the reverse is true 

So far I have been unable to find any record of an actual demonstra- 
tion of an acid tide m the unne This occurred only in severe 
cases, and in three of the four cases bacterial infection of the lower 
urinary tract could be excluded No alkaline treatment was bemg 
employed I believe, therefore, that such an acid tide occurs only m 
the end stages of some cases with marked involvement of the renal 
parenchyma Thus it would seem, no matter what the apparent 



Fig 4 Curves n, Acid Tide Cases Compared with Curve rs Normal Case 
Composite normal Other cur.es, cases with aad tide 


general condition of the patient at the time of the test, that the 
presence of an aad tide is of grave prognostic import 

It is suggested that a test similar to Leathes’ test might with advan- 
tage be used instead of the water test of Volhard and Fahr, for the 
former shows not only the ability of the kidne\ to excrete water, and 
the range of specific gravity, but also the presence or absence of the 
normal alkaline tide An} objection to a titration test could be over- 
come by substituting for the estimation of the alhalmit} per cent the 
determination of the pH as done bv Henderson and Palmer More- 
over, patients find it much easier to take the comparative!} small 
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TABLE 3 

The alkaline tide and associated factors in abnormal subjects 
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amount of water required m this test The estimation of the carbon 
dioxid m the specimens would not seem to be of practical value since 
it vanes in amount directly as the hydrogen-ion concentration. 

CONCLUSIONS 

1 In this paper are reported the results of investigation of the night 
specimens and hourly morning specimens of unne m a senes of normal 
and abnormal subjects At 8 00 a m , 500 cc of water was given on 
an empty stomach Most of the abnormal cases were of renal lesions 

2 Normal subjects, as demonstrated by Leathes and confirmed by 
my experiments, always show a diuresis and an increase in alkalinity 
during the morning, while abnormal subjects may react like the nor- 
mal, or show limitation, either partial or complete, of either or both 

3 In addition, among the abnormal subjects examined, there were 
a fen with a high initial alkalinity and an acid tide during the 
morning 

4 The specific gravity may show little variation even with a diure- 
sis within normal limits, an alkaline tide, or both 

5 Cases with no alkaline tide are usually severe clinically An 
acid tide is of grave prognostic import 

6 The curve of the pH figures parallels that of the alkalinity per 
cent 

7 In the cases reported here, both normal and abnormal, a higher 
pH figure was always accompamed by increased relative carbon dioxid, 
and a more acid unne bj a decrease m carbon dioxid 

8 The phosphates of normal subjects, as demonstrated by Fiske, 
have an initial drop followed by a late nse during the morning In 
the present senes the night specimen was found to ha\e a much 
lower phosphate content in abnormal than m normal subjects 

9 The results of these investigations show that this test maj be of 
clinical value from the point of view of diagnosis and prognosis 
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TABLE S 

Clinical and functional findings m abnormal subjects 
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MORNING ALKALINE TIDE Or URINE 


pjturnjp^; 


b iranxiipi 



Y*H 

IO 

Y— < 

IO 

c 



Si 

IO 


*■» 

it 

to 

O 

K e 

i — 


^ S» 

CN 

CN 








to 

VO 

O 


CN 

CN 

Cs 

O 


t— 


VO 

O 

O 

lO 

0 

to 








10 

O 

iO 

O 

»o 

Cs 

w 

to 

ON 

to 

10 

to 

to 

n< 

to 

*0 


1 ^. 

CO 

Cs 

CN 

0 


t"» 

VO 

Cs 

Cs 

O 

CN 

C\ 




CN 

to 

CN 


CO 

CO 

Y— » 

CO 

CO 

-0 

CN 

CN 

CN 

CO 

to 



to 00 vo © 

H H H (N H rO 

o o o o o o 

vH I y“-t Y— I Y-H Y— < y— f 

tA CO ii 

© © © o o cn 

o © © o o o 


trropiqqqd 

3uoi{ci[nsjouoi{j 


00 

0 


CN 

CO 

CN 

CN 

0 

CO 

0 

Y—f 

O 

O 

CN 

»— < 

I — 

CN 

C". 

CO 

co 

O 



CN 

O 

to 

to 

O 

to 

O 

to 

O 

to 

to 


0 

to 

VO 

SO 

Tf 


« e 
5^ s 

rt a E 
w c b 

u y o 


^ Jz: & £ £ 

+ 000+0 


mupTOJD 
poofq pmnrDj\T 


co cn 0 

^ IO N 


usan 

poojq prunrcj\[ 


\T) \T) \£> X O 

co co co eg co 


mtnnqiy 


? 7 ? 


3jns»jd poojg 


o o «o 
<0 O »0 


O ^ VO 
w rg r-f 

f 1 l 
<0 co 


cq 00 ^ n 

CN (N n in eg 

I I I £ 1 I 
^ 1/5 10 (N fO 


N 1^5 H5 O N 
0 0 0 0 0 0 



Pallor of disc, otherwise negative 0 



Arteriosclerosis 


63 


JOHN E McCORVXE 














































64 


MORNING ALKALINE TIDE OF URINE 


TABLE 7 


Carbon dioxid combining po^cr of blood plasma 


Case 

Diagnosis 

Before diuresis 

After diuresis 

A 

Normal j 

58 9 

59 8 i 

56 0 

55 1 

B 

Normal 

62 6 

59 8 

c 

Normal 

60 7 

60 7 

D 

Normal 

67 3 

67 3 

E 

Normal 

67 3 

67 3 

F 

Normal 

59 6 

59 6 

G 

Normal 

71 5 

70 6 

46 

Chrome glomerulonephritis 

55 9 

55 9 

47 

Chrome glomerulonephritis 

61 4 

63 3 

48 

Chronic glomerulonephritis 

50 8 

50 8 

54 

Nephrosis 

66 0 

67 S 

58 

Malignant hypertension 

62 6 

62 6 

59 

Malignant hypertension 

77 0 

74 0 

68 

Focal nephritis 

67 3 

67 3 

69 

Focal nephritis 

71 6 

67 S 

71 

Arteriosclerosis 

69 6 

69 6 








TABLE 8 

r i nd mgs in cases with an acid hdc* 



Chrome glomerulonephritis 
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ORTHOPNOEA AND THE EFFECT OF POSTURE UPON THE 
RATE OF BLOOD FLOW 


Bv H FIELD, Ja., and \ V BOCK 1 

(From the Medical Laboratories of the Massachusetts General Hospital, Boston, Mass ) 
(Receded for publication Jul> 11, 1925) 

Lmdhard (1) has noted that, of seven subjects three, all of them 
females, had a slower rate of blood flow m the sitting than m the 
recumbent posture while the four male subjects showed practically 
no change As far as we know these are the only direct obser\ ations 
m the literature concerning the effect of posture on blood flow 

We have made thirteen determinations of the circulatory rate with 
the subjects sitting and nine determinations with the subjects standing, 
each one compared with a preceding determination made while the 
subject was recumbent A rest period of about an hour preceded 
the first determination in each experiment Change of position was 
accompanied by as little exertion as possible and a further rest period 
of fifteen to tw enty minutes preceded each determination m the new 
position The method used is a gasometnc one, based on the Fick 
principle, which we hate previously described (2) The subjects 
w ere young, health} , adult males except the last two who were 
females and G R who has a rheumatic cardiac lesion v hich is well 
compensated None of the subjects were athletic 

Our results, shown m table 1 are ei en more striking than those of 
Lmdhard 

In no case did we fail to obsen e a diminution m the rate of blood 
flow on changing from the recumbent to the sitting position Onh 
once nas the reduction less than 500 cc per minute, while another 
obsen ation on the same individual show ed a greater change 
The slowing of the circulation was more marked in the standing 
than m the sitting position The a\ erage rate of blood flow while 
sitting was 76 per cent and while standing it was 50 per cent of the 


1 Vidcd bj the Tutonal Tund of the Harvard Medical School, Boston, Ma&>. 
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rate while reclining Inasmuch as the pulse rate increased from an 
average of 63 per minute m the reclining position to 65 per minute m 
the sitting position, and 90 per minute m the standing position, the 
output per beat was tremendously diminished m the upright posture 
While standing it amounted to only 35 per cent (on the average) of 


TABLE 1 



Lying 

Sitting* 

Standing 

Subject 

Pulse 

Circulation per 
minute 

Output per beat 

Pulse 

Circulation per 
minute 

Output per beat 

M 

3 

fL 

Sa 

a 3 

|i 

u 

Output per beat 


mfnute 

lifers 

cc 

per 

minute 

liters 

CC 

per 

minute 

liters 

cc. 

( 

66 

5 11 

77 




88 

3 95 

45 

A V B \ 

65 

6 49 

100 

68 

5 73 

84 




\ 

68 

6 30 

92 5 

68 

5 80 

85 

78 

4 46 

57 

{ 

73 

9 87 

136 




95 

4 67 

49 

H F < 

72 

9 60 

133 

80 

7 29 

91 




1 

68 

8 66 

131 

70 

S 42 

120 

89 

3 90 

44 

A C R 

60 

8 90 

148 

64 

3 75 

59 

83 

4 12 

50 

S A 0 | 

54 

9 73 

180 

66 

7 08 

107 

79 

4 42 

56 

58 

6 52 

112 

59 

5 81 

98 5 




J R L 

56 

9 04 

161 

54 

4 92 

91 

76 

3 12 

41 

W A Me 

55 

8 12 

14S 

57 

5 66 

99 




K M M 

58 

6 69 

115 

58 

5 28 

91 

105 

3 41 

32 5 

G R 

62 

10 90 

176 

56 

8 07 

144 




L G 

62 

8 27 

133 

66 

7 40 

72 




M E M 

62 

6 42 

103 5 

80 

4 21 

53 5 

115 

4 05 

35 

Average 

63 


m 

65 

6 11 

94 0 

90 

4 01 

44 6 

Per cent of reclining value 
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143 

50 

35 


* The values obtained for the blood-flow in the sitting position are not unlike those 
published by Bunvell and Robinson in -volume one of this Journal Their determina- 
tions were made upon subjects at rest m a reclining position in a hospital wheel chair 


that while redmrng This is also indicated by the blood pressure 
findings After the subject had been standing for a time the pulse 
pressures were greatly diminished, often to 5 or 10 mm of mercury, 
and sometimes the auscultatory vascular sounds were almost inaudible 
As a part of a study of circulatory and respiratory conditions in 
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college girls, many of whom were especially athletic, Miss Abby H 
Turner (3) has made similar determinations in the laboratory of 
Physiology of the Han ard School of Public Health, using our method 
Of 32 dete rmina tions of blood flow in the sitting position, 8 showed a 
nse, 7 little or no change and 17 a distinct fall from the resting volume 
Of 19 determinations made in the standing position, 1 showed a 
larger volume of blood flow than m the reclining position, 4 showed 
practically no change, and 14 a smaller x olume flow 

Y Henderson and Haggard (4) haxe recently repeated these 
experiments by a new method and have obtained quite similar results 
As the phenomenon has thus been observed in four different labora- 
tories by three different methods, there can hardly be any question 
as to its occurrence Its cause and its significance, on the other hand, 
are interesting subjects for speculation 

DISCUSSION 

The obvious explanation is to attribute the change m blood flow 
to an effect of gravity which, m the upright position, produces a 
stasis of the circulation in the legs and splanchnic area which results, 
consequently, m a diminished supply of blood to the heart It is well 
known that holding a rabbit suspended by the ears will m a short 
time result m syncope and, after a variable time, m death Soldiers 
sometimes faint during long periods of standing at attention We 
hax e noted that while a subject was standing during an experiment the 
calxes of his legs became indurated and brawny and increased in 
circumference about 1 5 cms 

L Hill (5) and Hill and Barnard (6) ha\e studied the effect of 
posture on the arterial and \ enous blood pressures of animals They 
found that the normal dog was able to compensate, m part, for the 
effect of gravity and to maintain a circulation in the x ertical position 
with feet doxvn although with a considerable drop in the blood pres- 
sure of the arterial system and of the superior x ena cava When the 
splanchnic x-aso-motor control and the respirations were inhibited, 
howexer, assumption of the x ertical feet down position was followed 
by a drop m the arterial blood pressure to zero and, in a short time, 
m death of the animal 
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Hill found that the vertical position had much less effect on the 
blood pressure m monkeys than m dogs, and concluded that their 
compensatory mechanisms were more highly developed Our experi- 
ments might be taken to indicate that even man is not completely 
adjusted to the upright position Or perhaps one of the adjustments 
consists m a rate of blood flow which, in the reclining position, is so 
much more rapid than the needs for gas transport demand, that the 
slower flow in the upright position is still within the limits of safety 
so that no difficulty usually develops 

The diminution of the arterial pulse pressure m the upright position 
has been noted We have made a considerable number of determina- 
tions of the blood pressures m arm and hand veins with the subjects 
in the different positions Both the indirect method of Hooker (7) 
and a direct method with a needle inserted into a Vein and attached to 
a manometer have been used The results have been indeterminate 
No great changes m venous blood pressures have been found asso- 
ciated with change m position Nor has the direction of variation 
been constant More often there has been some nse m the venous 
blood pressure after assuming the upright position Barach and 
Marks (8) have reported similar changes m arterial and venous blood 
pressures associated with change m position 

A review of previously reported studies, however, indicates that 
this need be neither very surprising nor disturbing Kroetz (9) after 
a long senes of determinations in patients came to the conclusion that 
there were too many unknown factors influencing the venous blood 
pressure to attach much significance to it m relation to the general 
circulation Wiggers (10) found that, although the return flow of 
blood was reduced m the early stages of shock, the venous blood pres- 
sure remained unchanged or increased and has stated (11) that “as 
long as the return flow of blood is not reduced too greatly the mean 
auricular pressure may be maintained by compensatory mechamsms ” 
The association of high venous blood pressures with diminished rates 
of blood flow, which we have observed to occur m the upright position 
m man, is a demonstration of such compensatory mechamsms There 
is a certain amount of evidence of venomotor activity The subject 
needs further investigation Cardiac tonus might also be a factor 
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m maintaining the venous blood pressure but the existence of such a 
tonus has not been proved 

The observations herein reported have led us to a consideration of 
the present conceptions concerning orthopnoea and the possible 
relationship between the two phenomena — slower blood flow and more 
comfortable breathing in the upnght position 
L Hill (5) m 1895 expressed an idea which for a time we thought 
was original with us He said “The position selected by patients 
suffering from lung or heart disease can be explamed, for it is manifest 
that the upnght position will afford the greatest relief by diminishing 
pulmonary congestion through the retention of a large quantity of 
blood in the splanchnic area ” Since that time there have been 
numerous studies of dyspnoea and orthopnoea yet the statement has 
frequently been made that there is no satisfactory explanation for 
orthopnoea We have seen no further reference to Hill’s suggestion 
Concerning the details of the production of dyspnoea itself there 
may still be some debate The resting metabolism is frequently 
found to be increased in dyspnoeic cardiac patients as shown by 
Peabody, Meyer and DuBois (12), and by Peabody, Wentworth and 
Barker (13) This increases the demand for respiratory exchange 
The respiratory exchange is earned on less efficiently in such patients 
than m normal persons They need to breathe a larger \ olume of 
air per minute in order to accomplish the same carbon-dioxide elimina- 
tion and oxygen absorption Siebeck (14) argued that this was due 
to an inadequate mixture of air m the lungs and an increase m the 
functional dead space Peters and Barr (15) thought that there is 
an increased tension difference between the gases m the ah eolar am 
and the arterial blood because of a diminished diffusion capacity of 
the lungs Peabody, Sturgis Barker and Read (16) unlike Siebeck 
and Peters and Barr, found that m their cases, although the total 
\entdation was considerably increased, because of the fact that 
breathing was more rapid and shallow than normal, the effectn e 
■ventilation (the total ventilation minus the total dead space air) 
was not increased out of proportion to the metabolism Conse- 
quent!}, they did not need to mv oke either of the abo\ e mentioned 
mechanisms Their subjects were not as dvspnoeic as those of the 
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previous workers and it may well be that inefficient gas exchange m 
the lungs is a late development 

Finally the ability of the dyspnoeic cardiac patient to increase the 
volume of his ventilation is diminished It has been known for a 
long time that the vital capacity of cardiac patients is reduced 
Peabody and Wentworth (17) demonstrated that the amount of the 
reduction is closely related to the degree of dyspnoea that the patient 
suffers Sturgis, Peabody, Hall, and Fremont-Smith (IS) have given 
the relationship a more exact expression by showing that the maximum 
ventilation both m normal subjects and m cardiac patients is obtamed 
by increasing the respiratory rate to about thirty-five per minute and 
the depth of respiration to about one-third of the vital capacity 

Behind all of these factors, however, it seems quite certain, although 
perhaps not absolutely proven, that the fundamental cause of 
dyspnoea is congestion of blood m the pulmonary circuit Basch 
m 1891 (19) proposed the idea that the increased turgidity of the con- 
gested pulmonary vessels diminished the flexibility of the lungs 
This is supported by the researches of Lundsgaard (20) who found 
that the earliest change in the lung volumes of cardiac patients was 
an mcrease m the residual air This occurred before there was any 
change m the total capacity and was therefore the cause of the early 
decrease m the vital capacity of the lungs Peabody, Sturgis, Barker, 
and Read (16) found that compensated cardiac patients, noth little 
reduction m their vital capacities, had increased respiratory volumes 
per unit of metabolism because of more rapid, shallow breathing, with 
a consequent increase m the proportion of dead space air to the total 
expired air This they suggest is possibly explained by an earher 
excitation of the Henng-Breuer reflex due to the increased rigidity of 
the lungs 

Greater degrees of pulmonary congestion cause encroachment upon 
the air space m the lungs Romanoff (21) found that following 
increases of pressure in the pulmonary circuit the lungs expanded if 
the pleurae were opened, but that if such expansion were restricted by 
intact pleurae the alveolar air space was contracted Drinker, 
Peabody and Blumgart (22) and Drinker and Agassiz (23), found that 
following compression of the pulmonary vems, m their preparation 
with intact pleurae, there was an increased blood pressure m the 
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pulmonary artery, while a diminished proportion of air from a constant 
delivery respiration pump entered the lungs and an increased pro- 
portion passed through an overflow tube Such observations are 
thought to hav e a direct bearing on the diminished vital capacities of 
cardiac patients 

Bohr in 1907 (24) found that the vital capacityislessin the reclining 
position than it is while standing He reported only a small senes of 
observations, and was chiefly interested m changes in the mid-capacity 
Chnstie and Beams (25) have recently determined that the average 
vital capacity of 290 normal people was 5 5 per cent less while hung 
than while sittmg They also found (26) that in 19 patients with 
diminished vital capacities but without orthopnoea this difference 
was 4 7 per cent, m 14 patients with “orthopnoea of choice” it was 
12 5 per cent, while in 9 patients with “orthopnea of necessity” it 
was 26 7 per cent There was not only this very great increase in 
the relative difference between the vital capacities, while hung and 
sitting m the latter group, but also an increase in the absolute differ- 
ence of about 50 per cent Christie and Beams believe that this 
effect of posture on vital capacity is the primary factor m the produc- 
tion of orthopnea 

It remains to consider the fundamental cause that is responsible 
for this effect For years the chief explanation for orthopnea has 
been a lowering of the diaphragm and a supposed increase m the 
capacity" of the chest m the sittmg posture With the descent of the 
nbs and the narrowing of the mtercostal angle that occurs it is ques- 
tionable if the capacity" of the chest is not actually" diminished m this 
position At any" rate, even if such an anatomical relationship w ere 
responsible for part of the difference between the vital capacities, 
lyung and sitting, it would not explain the increase in this difference 
m patients suffering from heart disease There must be some other 
factor which is peculiar to heart disease and which is susceptible to 
the influence of change of position 

It has been argued that the sitting posture permits better use of the 
muscles of respiration Such an explanation has ne\ er been accepted 
as satisfactory Moreov er, Peabody and Sturgis (27) hav e shown that 
even extreme general weakness does not greatly diminish the vital 
capacity Also frequently repeated determinations of the vital ca- 
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pacity m cardiac patients, a procedure likely to cause considerable 
fatigue, does not result m its further reduction 
It seems much more reasonable to regard as important the condi- 
tion winch is primarily responsible for the reduced capacity of the 
lungs, that is, the pulmonary circulation Many researches, too 
numerous to analyze here, have shown the great susceptibility of the 
pulmonary blood pressure to various influences Plumier (28) demon- 
strated that compression of the inferior vena cava causes a reduction 
m pulmonary arterial pressure Pressure on the abdomen by increas- 
ing the blood supply to the heart raises it Cloetta and Staubli (29) 
found that compression of the aorta or a quick infusion of 15 cc of 
salt solution into a cat, not only caused a nse m pulmonary arterial 
pressure but an increase m the volume of the lung m a plethysmograph, 
which if the lung were encased in a non-expansive box, would greatly 
dimmish the alveolar air space Fuhner and Starling (30) found that 
increased venous supply and increased peripheral resistance raised 
the puknonaiy arterial pressure m their heart-lung preparations 
Drinker and Agassiz (23) produced similar nses by compression of 
the pulmonary veins 

The diminished output of the heart which we have demonstrated 
occurs in the upright position is admirably adapted to reduce the 
congestion in the lungs, to increase the vital capacity and to make 
breathing more comfortable It should give relief in much the same 
way as does venesection Instead of the total volume of the blood 
being reduced in volume, a part of it stagnates in the dependent parts, 
a smaller amount is returned to the heart, the output of the right heart 
is diminished, this smaller amount of blood should be more readily 
dealt with by the left heart and pumped on into the systemic circula- 
tion, and the congestion in the lungs should be reheved A degree 
of cardiac rest also results from the reduced output of blood 

It will undoubtedly appear strange at first sight that a dyspneic 
cardiac patient, with a circulation which is already slower than normal, 
should be relieved by still further slowing of the circulation It may 
be pointed out that the normal resting blood flow in man is much 
faster than the needs for gas transport demand so that there is a 
nude margin of safety The tissues, aside from those of the nervous 
system, stand the anoxemia and the relatively slight increase m 
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carbon-dioxide tension, which would result from a slow circulation, 
comparatively w ell The nen ous system, on the other hand, has such 
a large blood supply m proportion to its metabolism that its blood is 
ne\ er subject to very great venous change This being so a slower 
blood flow does not cause an increase m the respirator}* stimulus as 
long as the blood does not leave the lungs less well ventilated The 
respiratory center has such a large blood supply that the capillary 
blood which controls it is practically artenal blood Slower blood 
flow should not therefore impair the ventilation of the artenal blood 
A small volume of blood that has been highly utilized, can be as readily 
freed of carbon dioxide, and as readily oxygenated by the respirator}' 
mechanism as a larger volume of blood that has been less completely 
utilized The respirator} demand is a function of the metabolism 
rather than of the circulation 

Clinical confirmation of this fact is frequently obsen ed Fainting 
rather than dyspnea is the reaction to a diminished blood flow Medi- 
astinal lesions, that do not lm oh e the pulmonary' circulation, may 
cause marked venous engorgement, cyanosis and stasis of the circula- 
tion m the upper part of the body without being necessarily accom- 
panied by any considerable degree of dyspnea 

Throughout this paper the argument has been presented from the 
standpoint of the cardiac patient The discussion also applies to 
persons w ho hax e dyspnea and orthopnea because of diminution of the 
vital capacity due to other causes than heart disease As Christie 
and Beams (26) pointed out even the 5 5 per cent increase m vital 
capacity which normal subjects gamed b} changing from the hung to 
the sitting position max mean the difference between extreme em- 
barrassment of the respiration and comparative comfort It is also 
quite possible that lesions other than those of the heart, which reduce 
vital capacit} , may also cause pulmonan congestion that maj be 
rebel ed in the same manner 


soimarx 

Data showing a diminution in the rate of blood flow m the upnght 
position, thought to be due to an effect of gravit} , impeding the return 
of x enous blood to the heart hax e been presented 
The manner m which the diminished blood flow m the upnght 
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position may reduce dyspnea by relieving the congestion m the pul- 
monary circulation, has been discussed 
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THE ELIMINATION OF CARBON - MONOXIDE FROM THE 

BLOOD 


A Theoretical and Experimental Study 

B\ WILLIAM C S TAD IE and KIRBY A. MARTEN 

( From the Department of Internal Medicine Yale Unrcrsily School of Mahctnc and the 
Medical Service of the A aa Ea-en Hospital) 

(Receded for publication Juh 11, 1925) 

The symptoms attending the partial or complete saturation of the 
hemoglobin of the blood with carbon monoxide are too well known to 
require detailed comment With as little as 40 per cent of the hemo- 
globin combined with carbon monoxide there may ensue deep coma, 
marked central nerv ous sy stem symptoms with ankle clonus, positu e 
Babinski and Kemig signs and often death Occasionally the blood 
becomes free of carbon monoxide, the coma terminates, but the pa- 
tient subsequently sinks into coma again and dies, probably as a 
result of central nervous system damage 
The exact explanation of this tram of symptoms is not entirely 
clear Presumably the effects of carbon monoxide asphyxia are those 
of anoxemia For, as is well known, anoxemia long continued results 
in irremedial damage to nervous tissue This anoxemia is not due 
primarily to a reduction of the total oxy gen of the blood as is com- 
monly supposed, but rather to a marked lowering of the partial pres- 
sure at which oxy'gen is ai affable for tissue metabolism As will be 
shown subsequently this effect is the result of a marked alteration m 
the form of oxy r gen dissociation cun e of blood by carbon monoxide 
In the light of this alteration the desperate condition of a subject 
whose blood is half saturated with CO as contrasted with the com- 
paratively comfortable condition of one who as m anemia cases, has 
merely" lost half his hemoglobin is understandable 
' That the effects of carbon monoxide are entirely those of anoxemia 
is at present an assumption based upon the fact that its toxic effects 
are supposedly ml This wall be discussed below 
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Carbon monoxide, as contrasted with oxygen, has a peculiarly 
great affinity for hemoglobin A very small concentration of carbon 
monoxide m the alveolar air will keep the blood highly saturated with 
CO CO at a few millimeters of partial pressure has the same com- 
bining capacity as oxygen at a partial pressure of several hundred 
millimeters Tins peculiarity of CO is as yet unexplained, but it 
enables a small concentration of carbon monoxide in the alveolar air 
to keep the blood highly saturated with CO and so lead to dangerous 
asphyxiation Conversely the recovery of asphyxiated subjects is 
slow The elimination of CO from the blood depends upon the rever- 
sal of the reaction 


Hb + CO ^ HbCO 

Under the ordinary circumstances of recovery the conditions favor 
the establishment of an equilibrium toward the nght The blood 
gives up a small amount of CO to the alveolar air But this small 
amount is sufficient to reestablish equilibrium at a point close to 
the original saturation Part of the CO is removed from the alveolar 
air at each respiration it is true but as a rule the respirations are 
depressed A kind of vicious cycle is set up The two factors, great 
affinity of CO for hemoglobin and subnormal respiration, lengthen 
the time of recover}'' to hours Unless the CO be rapidly eliminated 
m a subject with over 60 per cent of saturation, death usually occurs 1 
The inhalation of C0 2 with pure oxygen effects this rapid elimina- 
tion First used by Henderson (1921) its use m many hospitals and 
particularly m mme rescue stations has demonstrated its value 
Henderson and subsequently Yant and Sayre (1922) showed m 
expenmen tal animals and subjects that the addition of C0 2 to the air 
or oxygen inhaled shortened the time of elimination of CO frequently 
to as bnef a time as one-half hour But these investigators attributed 
the action of C0 2 to the increased pulmonary ventilation which it 

1 It has been erroneously supposed by some that the velocity of reaction of CO 
with Hb is a factor, l e , reaction (1) goes with great speed toward the nght and 
slowly toward the left Hartndge (1922) has shown that the reaction is practically 
instantaneous in either direction If the conditions are properly selected the 
reaction m vivo can be made to go with great rapidity m either direction as the 
subsequent protocols will show 
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caused This increased ventilation washed out the CO from the alveo- 
lar air rapidly, hastening the elimination from the blood by lowering 
the alveolar CO pressure to a minimum But increased ventilation 
may not be the sole or even the important factor operating when CO ; 
was inhaled by asphyxiated animals The increased hydrogen ion 
concentration of the blood during CO ; inhalation must be taken mto 
account and this was not considered by either Henderson or Yant and 
Sayre 

Theoretical considerations of the equilibrium relations of oxy- 
hemoglobin reduced hemoglobin, carbon monoxide hemoglobin, oxy- 
gen carbon monoxide and hydrogen ion concentration, supported 
by experimental evidence, have enabled us to predict that an increase 
of the acidity of the blood by any agent, ventilatory rate remaining 
constant, would result in an increased rate of elimination of CO from 
the blood Experimental rates of elimination under these conditions 
were found to be quite in accord with the prediction 

In addition, the relations developed showed that the primary effect 
of carbon monoxide was a profound alteration of the oxygen dissocia- 
tion curve, which, rather than the mere loss of functioning hemo- 
globin, was the cause of the anoxemia 

equilibrium; between Hb, HbO-, HbCO, 0 : , CO and H + theory 

Two assumptions arc made to develop an expression for the effect of CO on the 
combination of oxygen with hemoglobin 

1 Hemoglobm combines with a mixture of O 2 and CO as if the> were one sub- 
stance due regard being paid to the relative affinity of the two gases I e , a 
partial pressure Pco of CO is equivalent to a partial pressure (K'co 0 Pco) of 
oxygen, K'co/o being a constant unaltered for a gn en blood by any condition sax e 
temperature It expresses the rclatrv e affinity or saturating capacity of CO for 
hemoglobin as compared to oxygen At 38 3 C m human blood it has a value of 
300 ± 50 as experimentally determined by Barcroft, Douglass and many others 
In other words, a gas mixture containing Po, mm of Oj and Pco mm of CO would 
be equivalent to [Gas] = (Po, 4- £-' 00 / 01 * 00 ) mm. of O; in its combining value toward 
hemoglobin 

Hence for the reaction 

(Hb) n + nGas = (Hb Gas) n 

wc have by mass action 

[Hb Gas]„ 

n ” 


[1 — [Hb| a [P Qi + K.'co/o P Co' : 


( 1 ) 
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Here [HbGas] represents the fraction of total hemoglobin combined with O 2 

and CO 

2 The ratio of HbCk to HbCO in any mixture of hemoglobin is proportional to 
the partial pressure of the two gases in equilibrium with it I e , 

[HbO ] = p o (2) 

[HbCO] Ko/o P co 

These assumptions were likewise employed by Hill (1921) in the development of an 
hypothesis which postulated the dissociation of hemoglobin into a non-protein 
fraction combining with oxygen or carbon monoxide and a protein fraction not 
capable of combination with either 

Equation 2 is known to be true for the case where the hemoglobin is completely 
saturated with gas But it is as yet undetermined whether this relation holds 
true when the hemoglobin is not completely saturated, 1 e , when there is still some 
reduced hemoglobin present However, the validity of this relation for partially 
saturated hemoglobin is here assumed The identity of Kco/o and K'co/o remains 
to be proved 

Smce [Gas] = Po, + K' C0 / 0 P^, and [HbGas] = [HbCh] + [HbCO], uehave 


= [HbOj] + [HbCO] 

E “ [1 - (fHbOd + [HbCO])] [P 0j + K' co/o PJ” 

KP m « O 

CO 

= [Hb0 2 ] 

8 (1 - [HbO,]) P 0j n 

- K o 


1 e , Hill’s oxygen dissociation constant 


Further if P = 0 

co: 


K 


g “ 


but smce 


we have by division 


[HbCO] 

° “ - [HbCO]) P n co 


Kco 


[HbCO] 

(1 - [HbCO]) P^ 



(3) 


(4) 


A srnular relation involving Kc 0 / 0 may be denved thermodynamically and 
mdependently of any considerations of the kinetics of the reactions concerned 
Consider the following equilibrium states 
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(HbOj)n vi (Hb)n + nO. + AFi 
(Hb) n + nCO pi (HbCO) n + AF. 
nHbO. h" nCO pi nHbCO 4- nO, nAFj 


where A Fi, A F 2 and n A Fj are the free energy changes of the respective reactions 
From the known equilibrium constants we have 

— l°g K 0 = AFi 

log = AFj 

n lQ g K a./o = n ^ 

Smce AFi -f aFj = iiaFj, we have 

- log K 0 + log = n log K m/0 


or 


Ko 


K® 

OO/O 


C40 


It follows from 4 and 4 ' that K'co/o = Kco/o 

Experimental proof of (4) is offered by the data on the blood of C \ Douglass 
(1912) Figures 1, 3 and 4 of their paper gne the following data n is taken 
as 2 5 

Hemoglobin constants of Douglass blood at 40 mm CO: and 38°C 


Kco 

Obs 

25000 

K 0 

Obs 

0 031 

Kco/o 

Obs 

250 

Kco/o Calculated b> equation 4' 


230 


The experimental and theoretical proof of the identity of the constant K'c/o 
by which the partial pressure of CO is multiplied to gn e its combining capacity in 
oxygen terms with the equilibrium constant K^/o of the reaction 


HbO + CO = HbCO + O 


of which equation 2 is the mass action expression permits the introduction of 
equation 2 into (3) 

Eliminating P^ we obtain, remembering that K e = Kq 

K _ (5) 

0 ((HbO 1 + [HbCOlff 1 “ 1 (1 - ([HbO ] - 1 - (HbCOl)l P 3 ^ 

This equation was tested experimentally on the blood of \\ C S The blood 
was equilibrated at 3S° with amounts of CO and Or necc^sare to gne partial 
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Fig 1 Solid Line = Log Ko at Varying pH Calculated by Equation 5 in 
Blood Partially Saturated with CO and 0 2 
Dashed Line = Log K 0 determined at varying pH in the presence of 0 2 only 


table 1 









-IoeRo 

Date 

Oxygen 

Tension 

HbO 

Satn 

Os 

HbCO 

Satn 

CO 

pH cal- 
culated 

calcu 
lated by 
equation 
5 

1922-23 

mm 

volumes 
per cent 

per cent 


percent 



December 7 

20 3 

7 3 

36 5 

6 9 

35 0 

7 28 

3 65 

December 13 

18 6 

6 9 

32 0 

8 3 

38 6 

7 32 

3 62 

February 15 

11 7 

4 6 

21 S 

6 8 

32 4 

7 34 

3 59 

April 7 

20 9 

8 1 

38 5 

8 8 

42 0 

7 37 

3 59 

April 7 

20 9 

6 3 

30 0 

8 1 

38 5 

7 15 

3 86 

April 11 | 

23 3 

8 3 

41 3 

8 1 


7 46 

3 50 

19 3 

6 1 

30 3 

6 5 

32 5 

7 15 

3 73 

June 6 

6 7 


25 5 


57 0 

7 34 



saturation of the hemoglobin at varying pH values The per cent saturation with 
0 2 and CO, the oxygen tension and pH were determined usmg the Van Slyhe- 
Stadie, Haldane and Cullen method respectively The values for K<j thus obtained 
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are compared with Ko detenmnatioiis using osjgen alone* The results are 
given in figure 1 and table 1 There is excellent agreement. 

EXPECT OE CHANGE OF pH OF THE BLOOD OX THE OXYGEN DISSOCIATION 
CURIE IN CARBON MONOXIDE POISONING 

By means of Equation (5) the oxygen dissociation curve of whole 
blood may be drawn when the blood is constantly saturated with CO to 
any definite and fixed degree Fixing the CO saturation at 50 per 
cent we have for an average human blood the following normal con- 
ditions as contrasted with an acidotic condition easily attained by 
inhalation of COj 



i 

11 

pH 

7 4 

7 0 

Ko 

0 001 

0 0009 

Kco/o 

250 

250 

n 

2 2 

2 2 

HbCO 

50 per cent 

50 per cent 


In figure 2 are shown the cun es for these two conditions calculated 
from equation 5 

Increasing the acidity of the blood changes K„ only according to 
the well established (over phi siological ranges) relation 

A log K 0 = ApH 

K ro/0 and n are unaltered as has been shown by Bar croft and others 

Figure 2 shows that the presence of CO has changed markedly the 
form of the oxygen dissociation cun e of that part ot the hemoglobm 
uncombined with CO 

The effect of this alteration upon the rate of elimination of CO from 
the blood as influenced b} increasing the hi drogen ion concentration 
only is clearlv seen from the following 

At point \we haie from figure 2 

pH =74 
HbCO = 50 per cent 
HbCL = 40 per cent 
Pco = 0 147 mm Hg 
P OJ = 50 mm Hg 

: The control K„ t alues determined with on gen alone arc taken from published 
data Stadic and Martin, Jour Biol Chcm , 1924, Lx, 191 
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Lower the pH to 7 0 and maintain the oxygen tension constant 
Then at point B we have 

pH =70 
HbCO = SO per cent 
Hb0 2 = 32 per cent 
Pco =0 167 mm Hg 
Po- = 30 mm Hg 


Percent 



Fig 2 Oxygen Dissociation Curve of Blood 50 Per Cent Saturated with 
CO and pH 7 4 and 7 0 Showing the Effect of Acidity on the 
Partial Pressure of CO 

At constant oxygen tension a lowering of the pH requires an increase 
, 0 167 - 0 140 

ot o~i67 ° r ^ P er CGnt m car ° on Tnonoxl de tension to 

maintain the blood at 50 per cent saturation with CO 
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If, as is the case in the lungs during recovery from asphyxia, the 
P m remains constant it is easy to show from equation 5 that the 
following would be the approximate conditions 

pH =70 
HbCO = 40 per cent 
HbOj = 40 per cent 
P OT = 0 167 mm Hg 
Poi = 30 mm Hg 

Wlule v e have arbitrarily selected a mid portion of the curves for 
illustration the same relations must necessarily hold true for any and 
all equilibrium relations, oxygen, carbon monoxide and hemoglobin 


TABLE 2 

Elimination of CO from partially asphyxiated dogs sinth constant ventilatory rate and varying 

aciditv of blood 


Time 

Breathing air 

Breathing 

10 per cent 
COi-f- Air 

sa 

intravenously 

Hyperventilation 

HbCO 

satn. 

pH 

HbCO 

satn. 

pH 

HbCO 

satn- 

pH 

HbCO 

satn. 

pH 

tr mutes 

per cent 


percent 


percent 


percent 


0 

73 

7 40 

95 

7 38 

91 

7 34 

80 

1 

15 

55 

7 42 

57 

7 13 

4S 

7 02 

57 

US 

30 

49 

7 40 

44 

7 OS 

35 

6 94 

47 

IKS 

60 

37 

7 3S 

22 

7 OS 

21 

6 92 

35 

IKS 

120 

28 

7 4S 

6 

7 00 1 

10 

0 SO 1 

23 

m 

Ocvgcn capacity , 






6 | 



volumes per cent 

15 7 

21 

. 93 I 

21 


| 22 6 


It is at once evident from the abot e that increasing aaditj of the 
blood from n hatev er cause hastens the elimination of carbon monoxide 
from the blood independent!} of "ventilator} rate 
To test this deduction the lollowmg experiments on asphyxiated 
dogs were done The results are recorded in Table 2 

The rate of elimination of CO from the blood was studied under the 
following conditions 

1 Animal breathing air with corstant i entilatoi} rate Blood pH 
normal 

2 Blood pH decreased b} breathing 10 per cent CO : with constant 
•ventilatory rate 
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3 Giving dilute hydrocliloric acid intravenously with constant 
ventilatory rate 

4 Hyperventilation with air 

This experimental portion of the work was made possible by the 
Department of Surgery placing at our disposal their laboratories 
We are indebted to Dr Robert Kapsmow for his kindness m perform- 
ing the animal surgery necessary 

EXPERIMENTAL 

Medium size dogs were used throughout Operative technic, anesthesia 
gassing, blood sampling and blood analysis were the same in all of the experiments, 
Except in experiment 4 the ventilator}’' rate was the same throughout the senes 

Anesthesia 30 to 40 cc of paraldehyde was given by stomach tube three 
quarters to one hour before the experiment was started This was found to be 
sufficient to obtain complete relaxation for two to three hours 

Operation After the animal was completely anesthesized it was placed on the 
operating table and a trachea cannula was inserted and connected to an artificial 
respiration machine The thoracic cavity was opened by making an incision to 
the left of the sternum and removing portions of three ribs over the heart A flap 
was turned back which gave an opening over the heart of about 10 by 14 cm 
Respiration was controlled by an artificial respiration apparatus Great care was 
taken to prevent loss of blood The right femoral artery was exposed for blood 
sampling The mediastinal partition was punctured This caused collapse of 
the lungs The rate and degree of expansion and contraction of he lungs were set 
and maintained at a constant throughout experiments 1, 2, 3 by means of a motor 
driven artificial respiration machine The pulmonary ventilation was set at 
about the normal minute volume and was totally independent of the animal’s 
own respiratory effort 

Gassing The animal was given pure illuminating gas through the artificial 
respiration apparatus at IS to 20-second intervals until the blood became about 
60 to 80 per cent saturated with carbon monoxide After a little experience the 
desired saturation could be estimated by the animal’s heart action 

Blood sampling Five to 10 cc samples of blood were drawn from the right 
femoral artery at intervals with a 10 cc Luer syringe, and delivered into oxalated 
sampling tubes under off 

Blood analysis Oxygen capacity, oxygen and carbon dioxide content, carbon 
monoxide content were determined by the Van Slyke (1924) method The hydro- 
gen ion concentration of the blood was determined colorimetncally by Cullen’s 
method (1923) The results are given in tables 1 and 2 and figure 1 

In experiment 1 it v as found that the blood pH fell slightly during the first half 
hour of the experiment To eliminate this complicating factor 10 gm of NaHCOa 
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was given intravenously This was found to maintain the blood pH within normal 
limits 

DISCUSSION 

For simplicity of comparison we hat e plotted the data of table 2 m 
figure 3, the initial saturation with CO bemg the same 


f^rcant 



Fig 3 Curves Showing the Rate of Elimination or Carbon Monoxide 
from the Blood of Partiallt -Vspkyniated Dogs under Different 

Conditions 

In all cases except one (hyper-\ entilation) the xcntilaton rate was the sam e 

The rate of elimination of CO at an> instant is proportional to the concentration 
of CO in the blood, i c , 
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where S is the per cent of saturation of blood with CO Integrating 

log = kt 
at 

Where S is the initial saturation and S t the saturation at time t If the data of 

g ^ 

table 2 be plotted using log — as ordinates and t as abscissae straight line should 

St 

result This is exactly the case The slopes of the lines give h for the four 
different conditions and with these L values figure 2 is calculated This allows 
one to start the curves from a common point and bring out the differences .n a 
striking fashion 

Little comment is needed It is clear that hyperventilation itself 
is of minor importance in the elimination of CO Decreasing pH by 
any acid, C0 2 or HC1 causes a great increase m the rate of elimination 
and is the most important factor 

It must be strongly emphasized, however, that C0 2 administered 
to asphjonated subjects has a powerful stimulating effect on respira- 
tion While hyperventilation plays a minor r61e yet it is a distmct 
one The asphyxiated subject has usually a decreased pulmonary 
ventilation This slows CO elimination Any means of increasing 
ventilatory rate is beneficial C0 2 has a double function through the 
same mechanism It increases blood hydrogen ion concentration 
which in itself favors CO elimination This double function makes 
it the ideal therapy to employ the addition of pure oxygen while 
helpful is far less important 

The alteration m the oxygen dissociation curve by CO as the cause of the 

anxoemia 

An old experiment by Haldane (1895) would force us to believe that 
CO by itself is non-poisonous He placed mice m a chamber with 
sufficient CO to saturate completely the hemoglobin It could no 
longer serve to transport oxygen to the tissues and the mice would have 
died promptly (as did the controls) had it not been for the fact that 
the chambers also contained oxygen under several atmospheres of 
pressure Under these conditions 3 to 4 volumes per cent of oxygen 
could be earned by the blood m physical solution This was sufficient 
for the needs of the animals and they remamed perfectly well While 



■WILLIAM C STADEE AND EERBA A MARTIN 


89 


it is not entirely dear that these results can be earned over to human 
beings, smee the symptoms of CO poisoning are somewhat anomalous 
as pure symptoms of anoxemia, yet tentatively we may accept the 
hypothesis that CO poisoning causes harm solely by depriving the 

Vols 


Percent Percent 



Fig 4 Oxygen Dissociation Curve of the Blood of a Case of Careon 
Monoxide Poisoning 60 Per Cent Saturated with CO Contrasted with 
the Curve of a Case of Pernicious Anemia with the Same Amount 
of Available Oxyhemoglobin, vie , 40 Pep Cent of Normal 

tissue of ox} gen There is current, however, a misconprehension of 
the mechanism of this anoxemia which figure 4 makes dear Bv 
means of equation owe have calculated the oxvgen dissociation curve 
of blood when constantly saturated 50 per cent with CO The form 
of this curve so calculated is in complete accord with the expen- 
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mentally determined curve for mouse blood under the same conditions 
as reported by Haldane (1912) Forty per cent of the total hemoglo- 
bin is available for combination with oxygen and the saturation of 
this residue of hemoglobin with oxygen is plotted against oxygen 
tension In contrast the oxygen dissociation curve of a case of per- 
nicious anemia having 40 per cent of the normal amount of hemoglobin 
is plotted The curve m the latter case is unaltered as one of us has 
determined 3 but the CO case shows a marked alteration m the shape 
and position of the curve It is this alteration v Inch causes the anoxe- 
mia with its tram of profound acute symptoms m marked contrast to 
the relatively normal condition of the anemia case In both cases the 
maximum amount of oxygen available is the same, 8 volumes per cent 
In both cases, the physiologic needs of the tissues is the same, say 
about 4 volumes per cent or half the maximum available For the 
anemic case, however, this physiologic oxygen requirement (indicated 
by the hatched column) is dissociable at a partial pressure greater 
than 28 mm of oxygen Evidently at or above this pressure tissue 
metabolism is normal 

But m the case of CO poisoning, the giving up of 4 volumes of oxygen 
requires descent to a partial pressure of 12 mm of oxygen Indeed 
three-fourths of the needed oxygen is dissociated between 28 mm 
Hg, the minimum for the anemic case, and 12 mm Now it is quite 
conceivable that the partial pressure at which oxygen is available in 
the capillaries for tissue metabolism is important Krogh has pic- 
tured a single capillary as supplying a cylinder of tissue In order 
adequately to supply the periphery of the cylinder with oxygen, 
the oxygen pressure at the capillary wall cannot fall below a certain 
minimum or else the rate of diffusion of oxygen to the periphery which 
vanes directly as this pressure head will fall below the physiologic 
requirement Presumably this partial pressure lies somewhere 
between 12 and 20 mm of Hg approximately 

Despite the presence m the blood of two or three times the amount of 
oxygen necessary for normal tissue function profound anoxemia results 
m CO poisoning This is due to an alteration of the shape and posi- 

3 Stadie Unpublished data 
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tion of the oxygen dissociation cun e causing a marked lowering of 
the partial pressure at which oxygen is available for tissue metabolism 

SUMMARA 

An equation is derived showing the relation between hemoglobin, 
ox> gen, carbon monoxide and pH at equilibrium 

Experiments m intro are given substantiating the equation. 

By means of this relation it is possible to predict the effect of 
increasing acidity on the elimination of CO from asphyxiated animals 
It is shown that increasing hydrogen ion concentration in itself will 
hasten elimination regardless of the i entilatoiy rate Experiments 
on dogs showed this to be so 

It is further shown by the equation that the oxygen dissociation 
curve of hemoglobin is altered by carbon monoxide Accepting the 
hypothesis that carbon monoxide is in itself completely non-poisonous, 
the altered curve shows that even though twice or three times the 
physiologic requirements of oxygen are present m the blood there is a 
marked lowering of the partial pressure of oxy gen in the capillaries 
This concen ably depresses the rate of diffusion of oxy gen to the tissues, 
thus causing anoxemia 
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INTRODUCTION 

Since anoxemia is so frequent a manifestation of many medical 
conditions, and particularly smee m some of these abnormal states its 
seventy may make it a promment feature of the malady, it is of some 
interest and importance to inquire m how far it may affect \ arious 
kodil} functions Is anoxemia to be considered merely a symptom, 
relatively unimportant in itself, except m indicating that the process 
which causes it may be a severe one, or is it to be Mewed m the light 
of a symptom which, by virtue of its own effects, may ha\ e a senous 
influence on the course of the underhung condition 5 It is needless 
to point out that an impaired oxjgen supply may ha\ e harmful 
effects on certain physiological activities, the general nature of which 
has been sufficiently emphasized by Haldane (1919) and Barcroft 
(1920) 

Concerning the influence of anoxemia on the heart not a great deal 
is definitely known I do not propose to enter into a detailed remew 
of all the literature bearing on the changes in the heart produced bj 
anoxemia, but shall confine myself particuarh to the work which is 
directly related to the problem of the effect of anoxemia on aunculo- 
■\entncular conduction 1 Lewis and Mathison (1910-11) first proved 

1 In this paper, I shall use the term “conduction” onl\ to express the trans- 
mission of an impulse from the auricles to the \entndes, -without reference to the 
hypothetical funcUon “conductiviti or to the mechanism b\ which alterations 
m the transmission time are brought about 
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that following asphyxiation depression of aunculo-ventricular con- 
duction took place, ultimately advancing to the degree of complete 
heart block Since these events occurred after the complete removal 
of vagal tone, they were ascribed to a direct effect on the myocardium, 
and Mathison (1910-11) showed that this result was not caused by 
the accumulation of carbon dioxide, but rather by lack of oxygen 
Later, Mathison (1910) found that the administration of a high con- 
centration of carbon dioxide might bring about a certain degree of 
aunculo-ventricular block, apparently slight More recently, Greene 
and Gilbert (1922) observed the effect of a more slowly induced pro- 
gressive anox'emia, produced by the method of re-breathing and 
maintained until the animal died usually within a penod of 15 to 18 
minutes Carbon dioxide was continually absorbed m the apparatus 
which they used, and was thus eliminated as a possible factor m the 
causation of the changes which took place m the cardiac mechanism 
Up to a certain cntical penod, usually when respiration failed, there 
were practically no changes m the heart except slight quickening 
of rate and reduction of the P-R interval Following the “crisis” 
however, certain alterations m the rhythm of the heart (including 
conduction defects) did take place, these changes occurring as a 
result of central stimulation of the vagus nerves by anoxemia It 
was only three to five minutes after respirations had ceased and just 
before the death of the animal that Greene and Gilbert were able to 
detect a direct action on the heart by anoxemia Essentially the 
same phenomena had been noted previously by Haggard (1921) on 
exposing animals to increasing concentrations of carbon monoxide 
Greene and Gilbert reconcded the difference m the results obtamed 
by them and those observed by Lewis and Mathison by assuming 
that, because of the rapid method of inducing anoxemia used by the 
latter, the direct effects on the myocardium appeared early m their 
experiments and corresponded to the late effects which they (Greene 
and Gilbert) observed m their own more prolonged experiments 
On the basis of the observations of Greene and Gilbert, then, one 
might infer that even a severe degree of anoxemia had relatively little 
influence on the myocardium It seemed, however that a more 
accurate idea of the effect of anoxemia on the heart muscle might be 
acquired if one subjected an animal to a degree of anoxemia, insufficient 
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to bring about its death, but maintained over a longer penod of time 
In this way, conditions would simulate more closely those prevailing 
m the ordinary clinical cases, m which a moderate or severe grade 
of anoxemia may be present for a comparatively long time It was 
possible that the duration of time in which anoxemia was present 
might be a factor of some importance m determining the effect on the 
heart muscle Moreover, it was conceivable that if one increased 
the rate of the heart during anoxemia, one might bring out a change 
which was latent in the naturally beating heart Erlanger and 
Hirschfelder (1905) and Lewis and Oppenheimer (1910-11) have shown 
that when aunculo-ventncular conduction was already unpaired, 
an increase in the heart rate exaggerated the degree of block between 
the auricles and ventricles 

EXPERIMENTAL METHODS 

Dogs, averaging between 10 to 15 kg in weight were anesthetized b> the sub- 
cutaneous administration of pantopon, 5 5 to 6 0 mgm per kilogram, followed 
within 15 minutes by giving 1 gm urethane per kilogram by stomach tube A 
steady and satisfactory anesthesia was produced, the animal remaining quiet and 
m good condition for as long as five hours, the longest penod over which the expen- 
men ts were earned out Both vagus nerves were tied, in addiUon, in all but a 
few of the experiments full doses of atropine, usually 2 to 5 mgm , were injected 
intravenously every 15 to 20 minutes No differences were noted between those 
animals which received atropine, and those that did not After the insertion of a 
cannula in the trachea, artificial respiration was started, using intratracheal 
insufflation Usually the pressure distending the lungs was 20 to 30 mm mer- 
cury After ligating the internal mammary arteries, the sternum was split in the 
midhne, the sides bemg retracted b} weights In most of the experiments the 
pericardium was opened and stitched to the sides of the chest wall, and m these 
electrocardiographic records of the heart were taken from electrodes placed 
directly on the auncle The electrodes were small glass tubes filled with a satu- 
rated solution of copper sulphate, the ends of the tubes being plugged with a paste 
of kaolin in normal saline solution In other experiments, in which the pericar- 
dium was unopened, records were taken b> lead II, small german sil\ cr electrodes 
being cither sewn under the skin or held m position b> bandages soaked in saline 
Anoxemia, always of the anoxic tvpc, was produced b> administering suitable 
mixtures of oxj gen and nitrogen Thick-walled rubber tubing leading from high 
pressure gas tanks fitted with reducing vah es were connected to glass tubes in- 
serted through a rubber stopper in a glass flask. The ends of the glass tubes were 
placed just beneath a lajer of water, the gases bubbling through the water before 
being forced out of a side tube leading to the intratracheal catheter Connected 
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with each rubber tube coming from the tanks was a mercury manometer giving the 
pressure of each of the gases flowing to the mixing flask, and between the mixing 
flask and the catheter was another manometer registering the pressure in the 
the lungs The amount and proportions of the gases and the degree of 
distention of the lungs were regulated by varying the pressure m each of the 
systems The volume of gas flowing to the lungs was about 5000 cc per minute, 
insuring adequate ventilation 

The auricles were driven at desired rates by a Lewis rotary stimulator, only 
break shocks being used, the strength of the shock in ever}' instance being well 
above the threshold value This apparatus was connected to small fishhook 
stimulating electrodes which were inserted near the base of the nght auricular 
appendage The recording electrodes on the heart, when they were used, were 
placed about 1 cm away toward the midcaval region, m line with the stimu- 
lating electrodes In some of the experiments, two galvanometers were used, 
recording simultaneously on the same film, one for the stimuli, the other for the 
activity of the heart Owing to a temporary disarrangement of one of the gal- 
vanometers, only one could be used m most of the observations It was found, 
however, that this method was quite satisfactory, since by using sufficiently a 
strong stimulating current, the stimuli were clearly shown on the electrocardio- 
graphic record 

Measurements of the P-R interval were made with a Lucas comparator, the 
average of at least three determinations being taken as the figure for a record 
The figures do not represent true P-R values since the measurements were made 
from the sharpest points, not necessarily the beginning of the auricular and ventric- 
ular complexes Since the same points were used in measuring the curves of an 
entire experiment, the absoute figures are comparable, then, m the same but not 
in different animals In most instances, the figures for a record fell within 
0 003 to 0 005 second m the records taken by lead II, and within 0 002 to 0 003 
second m the records taken directly from the auncle 

The degree of anoxemia was ascertained by determination of the oxygen satura- 
tion of the arterial blood (van Slyke and Stadie, 1921), which was obtained from 
the femoral artery and handled with the usual precautions At first, the oxygen 
capacity was determined on every sample Later, this was not done, for with 
sufficiently high concentrations of oxygen (50 to 100 per cent) in the gas mixtures, 
it vas assumed (after a few control observations) that the oxygen saturation was 
100 per cent 

The usual procedure of an experiment was to give a high oxygen mixture and to 
record the activity of the heart with the electrocardiograph during various rates of 
rhythmic stimulation The time of stimulation was constant before each record 
vas taken The percentage of oxygen in the gas mixture was then lowered, and 
after several minutes records were taken at intervals, at approximately the same 
rates of stimulation that had been used before Finally, in most cases, the per- 
centage of oxygen v. as increased to its previous level and a further senes of records 
again obtamed 
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* In tills table, ns in nil sulisi quint tables, the i>crccntnne of or) gen ■mtnmtion refers to the nrtcrlnl blooil 
| Accurate incnsurinnnts could not lit ninde 
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RESULTS 

The results will be presented m three groups, divided arbitrarily 
according to the degree of anoxemia, mild (arterial oxygen saturation 
above 85 per cent), moderate (70 to 85 per cent saturation), severe 
(oxygen saturation below 70 per cent) The effect of anoxemia on 



Fig 1 Dog 13 The P-R Intervals at D efferent Rates of Rhythmic 

Stimulation of the Heart 

Black dots Arterial oxygen saturation 96 per cent 

Circles Arterial oxygen saturation 89 per cent 

The chart shows the effect of mild anoxemia on aunculo-ventncular conduction 
The values for the P-R intervals during the periods of higher and lower arterial 
oxygen saturation he on an identical curve, except at the rate of approximately 
325 per minute The apparent divergence of the curves at this point is probably 
due m part to errors of measurement (see text) 

aunculo-ventncular conduction was observed m 17 animals, and 
since the course of events was essentially the same m the different 
groups, I shall give the figures only of those experiments in which the 
data are more complete, or which are of unusual interest 
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Effect of mild, anoxemia 

In tables 1, 2, and 3 are gi\ en the results in three experiments In 
experiment 13 (table 1), the anoxemia was of relatively short duration 

TABLE 2 

Dog 10 Pericardium «r opened, full\ alropti teed 


Oxygen saturation 90 per cent 

Started U 40 
"Natural heart rate 176 

[ Oxygen saturation 98 per cent 

Started at 12 37 

1 Natural heart rate 161 

Time 

Rate of 
stimulation 

P R mterva 1 

Time 

Rate of 
stimulation 

P R interval 


per minute 

second 


Per tnxrulc 

second 

12 19 

221 

0 0S5 

1 20 

21S 

0 092 


260 



254 

0 100 

' 

312 

0 113 


312 

0 119 

12 35 

361 

Occasional 

1 2S 

355 

Occasional 



dropped beat 



dropped beat 


TABLE 3 

Dos 20 Per eardn/ir opened, fulh alropiniecd 


Oxygen saturation 100 per cent 
Natural heart rate 156 

Oxygen saturation 89 per cent 
Started 11 33 

Natural heart rate 152 

Oxygen saturation 100 per cent 
Started I 33 

Natural heart rate 144 
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mm 

second 



second 


uie 



vie 
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11 15 

227 

0 092 

1 28 

223 

0 0S7 

2 01 

224 

0 091 


301 

0 107 


292 

0 101 


290 

0 104 


342 

Rare dropped 


342 

1 1* 


33S 

1 1* 



beats 







11 29 

357 

E\er\ sixth or 

1 32 

364 

Occasional 

2 12' 

35S 

Occasional 



setenth beat 



dropped 



dropped 



dropped 


■ 

beat 



beats 


* Accurate measurements could not be made 


and there was practical!}, no change m the P-R interx als The \ alues 
are charted m Figure 1 up to the stage of aunculo-\ entncular block 
There is an apparent dn ergence of the cun es at the rate of approvi- 
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mately 320, but it was more than likely that the difference is due, 
in part at least, to errors of measurement One would expect, if 
there were actually mcreased impairment of conduction during the 
anoxic period, that this defect would be enhanced at the more rapid 
rates The responses remain, however, practically identical 
In the other two experiments (tables 2 and 3), 2 a decrease m the 


Dog 11 


Oxygen saturation 100 per cent 
Natural heart rate 162 

Oxygon saturation 81 per cent 
Started 11 47 

Natural heart rate 1S4 

Tunc 

Rate of 
stimu- 
lation 

P R in terval 

Tune 

Rate of 
stimula- 
tion 

P-R interval 



mtmile 


seconds 


per 

minute 


seconds 

11 33 


204 


0 091 

11 57 

210 


0 0S9 



230 


0 091 


234 


0 091 



257 


0 096 


266 


0 095 







286 


0 099 



301 


0 099 


306 


0 102 



335 


0 116 


342 


0 113 



366 


0 125 


372 


0 123 



400 

1 

1, with pe- 


393 

1 

1 , with pe- 





nods of 2 1 




nods of 2 1 





response 




response 

11 45 


438 

2 

1, with 1 1 

12 07 

434 

2 

1, with 1 1 





response 




response 





e\ ery third 




every third 





beat 




beat 


Oxygen satnrat 
Started 
Natural hea. 


Tune 

Rate of 
stimula 
tion 


for 

minute 

12 30 



226 


256 


mm 


m 


344 


376 


399 

12 40 

420 


* Accurate measurements could not be made 


P-R interval occurred after a somewhat longer period of anoxemia 
The difference between the values of the higher and lower oxygen 
senes is slight but definite It represents a real change, for it occurred 
uniformly at the different rates of the same senes of observations, 

2 Although a series of records was made during high oxygen concentration, the 
records were not sufficiently good for accurate measurement The results are 
given primarily to show the increase in the P-R intervals following the change from 
the Ion er to the higher oxygen saturations of the arterial blood 
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and, on restoration of normal oxygen saturation, as in Experiment 
24, (table 3), the P-R intervals rose again and approached those 
originally obtained 

Experiments 13 and 24 serve also as controls on the observations 
to be reported below, for they demonstrate that the mere duration 
of an experiment produced no significant changes m the P-R interval 


\ alroptmzcd 


nation 81 per cent 

Orrgen saturation 81 per cent 

Oxyren saturation 97 per cent 

ted 11 47 


Started 11 47 


Started 2*16 

heat rate 156 


Natural heat rate 144 

Natural heart rate 162 




Rate of 



Rate of 



P R interval 

Time 

stunula- 

P R interval 

Time 

stimuli 

P-R interval 




tion 



tion 



seconds 


ptr 

minute 

seconds 


per 

minute 

seconds 






3 01 

207 

0 077 



2 01 

229 

0 079 


222 

0 079 


0 084 


260 

0 081 


257 

0 079 


0 0S9 


282 

0 OSS 


282 

0 090 


0 092 


304 

0 091 


303 

0 092 


0 100 


341 

0 102 


330 

0 096 


0 113 


371 

0 118 


365 

* 


2 1 response 


396 

2 1 response 


3S0 

0 119 


2 1 and 1 1 re- 

2 15 

427 

Periods of 2 1, 

3 16 

424 

Periods of 1 1, 


sponse 



with periods 



with periods 





of 1 1 re- 



of 21 re- 





sponse 



sponse 


In experiment 24, after almost three hours, the % alues at the different 
rates were practically identical 

To summarize, then, the effects of mild anoxemia on aunculo- 
\ entncular conduction there is practicall} no change o\ er a short 
period of time, over longer durations, the P-R interval is slightly but 
definitely lowered at both low and high rates of stimulation 'When 
the normal degree of arterial oxxgen saturation is restored, the figures 
nse agam to practical!} their original \ alues 
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Effect of moderate anoxemia 

Table 4 contains the figures of an experiment m which a moderately 
severe anoxemia persisted over a long time The effect was to cause 
a progressive lowering of auriculo-ventncular conduction time even 
after two hours of anoxemia Moreover, after the re-establishment 



Fig 2 Dog 15 The P-R Intervals at Different Rates of Rhythmic 

Stimulation of the Heart 

The determinations were made m the following order 

1 Black dots Arterial oxygen saturation 100 per cent (column 1, table 4) 

2 Circles Arterial oxygen saturation 81 per cent (column 5, table 4) 

3 Dotted circles Arterial oxygen saturation 97 per cent (column 6 , table 4) 
This chart illustrates the decrease in the P-R interval during moderate anoxe- 
mia, and also the failure of immediate return to the normal figures when normal 
percentage of arterial oxygen saturation is restored after a long period of anoxemia 

of normal arterial saturation (column 6) , the figures for the P-R in- 
tervals remain essentially at the level of the last senes of determina- 
tions m the penod of anoxemia 

Tables 5 and 6 give the summanes of two further experiments 
In experiment 22 (table 5), the first senes of determinations (column 
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3) during anoxemia showed a slight fall in the P-R \alues In the 
second senes ( column 4), the aunculo-ventncular conduction time 
was still further shortened at the lowest rate of stimulation, as the 
rate of stimulation rose, however, the P-R interval increased to the 
normal lei el, and at the rate of 353 per minute, conduction defects 



Fig 3 Dog 22 The P-R I>wer\aes at Dhteeext Rates of Rhythmic 
Stimulation of the Heart 

The determinations were made m the following order 

1 Black dots (1) Arterial oxjgcn saturation 97 per cent (column 1, table 5) 

2 Circles (1) Arterial ox>gen saturation SO per cent (column 3, table 5) 

3 Circles (2) Arterial oijgen saturation SO per cent (column 4, table 5), 
15 minutes after the preceding senes 

4 Black dots (2) Arterial ot> gen saturation 100 per cent (column 5, table 5) 
The chart illustrates the earl> quickening of eonducUon during anoxemia, the 

later stage of impaired aunculo-\ cntncular conduction, brought out at the rapid 
rates of stimulation, and the return toward the ongmal P-R values when normal 
arterial oxj gen saturation is restored 
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were definite, there were dropped a entncular beats On return to 
the normal oxygen saturation, the figures tended to approach the 
normal agam In this animal anoxemia was again produced, this 
time bringing about only the stage of quickened conduction Again, 
with the establishment of high artenal oxygen saturation, the figures 
became normal In figure 3, the results of this experiment are shown 
graphically 

I am unable to account for the fact that m the first period of an- 
oxemia, the stage of impaired conduction was brought aboutrn slightly 
less than one-half hour, whereas later the same degree of anoxemia 
called forth only the initial stage of quickened conduction after one 
hour The conditions of the experiment were apparently unchanged 


TABLE 6 

Do; 16 Penrardium unopened, fiill\ airopintzcd 


Oxygen sa.ttm.Ucm approximately 96 per cent 
Natural heart rate 130 

Oxygen saturation approximately 70 to 75 peT cent 
Started 1 12 

Natural heart rate 97 

Tune 

Rate of 
stimulation 

P R interval 

Time ' 

Rate of 
ftmralatioa . 

P R Interval 


Per minute 

second 


fir mmui e 

second 

12 50 

219 

0 092 

1 20 

216 

0 115 


271 

0 099 

1 25 

271 

2 1, 1 1 response 


323 

0 138 




1 10 

372 

Periods of 1 1 and 






periods of 2 1 re- 






sponse 





In experiment 16 (table 6), onl} the stage of unpaired conduction 
uas seen, without the preliminary period of quickened conduction 
Moreover, this change was produced m a Aery short time The 
explanation of this result undoubted!} lies m the fact that during 
the operative procedure a considerable amount of blood a as lost, 
estimated at one-third to one-half the total blood Aolume The 
animal was in poor condition and, subjected to the stress of both 
acute hemorrhage and anoxemia died shortly after the last record 
uas taken at 1 25 pm 

One may summarize the results obtained m this group of experi- 
ments b\ stating that moderate anoxemia first causes a decrease of 
the P-R inter\al If the anoxemia is earned on for a sufficiently 
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long time, the stage of impaired conduction appears, and this impair- 
ment is most conspicuous at the higher rates of stimulation 3 If 
after a period of anoxemia, normal oxygen saturation of the arterial 
blood is restored, there is usually a return toward the normal P-R 
values for the different rates However, m some instances the re- 
covery may not be complete even after a considerabe length of time, 
the state of aunculo-ventncular conduction may remam very much 
m the condition m which it was during the last part of the preceding 
period of anoxemia The effect of anoxemia is enhanced and hastened 
if the general condition of the animal is poor 

Effect of severe anoxemia 

Tables 7 to 10 show the results of subjectmg animals to marked 
degrees of anoxemia The results are quite similar to those described 
in the preceding group except that they appear earlier In experiment 
9 (table 7), m which anoxemia was present for a brief time, only the 
stage of quickened conduction is seen 

In experiment 12 (table 8), anoxemia was maintained for a slightly 
longer penod but still of relatively short duration Here, there 
appeared within a few minutes the stage of quickened conduction 
In the next series of records, however, taken but a few mmutes later, 
the figures for the P-R interval were beginning to rise, and the stage 
of impaired conduction was undoubtedly making its appearance 
Unfortunately, a further series of records during anoxemia was not 
taken 

The extreme effects of anoxemia are shown by experiment 20 (table 
9) Here, a very marked grade of anoxemia produced from the 
first increased P-R intervals These defects were markedly exag- 
gerated during the rapid rates of beating, especially after the anoxic 
state had persisted for a time, still relatively short It is interesting 
that after return to normal oxygen saturation of the arterial blood, 
two senes of records showed practically no recovery Figure 4 is a 
chart of this experiment, and it illustrates well the steepness of the 
curve of P-R intervals during severe anoxemia, and the failure of 
recovery after administration of a high oxygen mixture 

3 In experiments other than those described in detail, conduction defects ap- 
peared at the Ion as ell as the high rates of stimulation 
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In experiment 19 (table 10), marked anoxemia was produced and 
maintained until the death of the animal ensued At frequent in- 
tervals, the auricles were dm en at a rate of approximately 220 per 

TABLE 7 


Dog 9 Pericardium opened, t agus nei-cs tied, full-, alroptntved 


Ox>gen saturation 95 per cent 

Oxygen saturation 40 per cent 

Started 1 12 

,Trme 

Rate of 
stim illation 

P R interval 

Time 

Rate of 
stimulation 

R-P interval 


per minute 

second 


Per mtnute 

second 

1 01 

— 

0 139 

1 

304 

0 103 

1 09 

mSM 

0 109 


270 

0 099 

1 10 

210 

0 100 

1 18 

211 

0 095 


TABLE 8 


Dog 12 Pericardium opened, vagus nerves tied, fully alropimzed 


Oxygen saturation 

100 per cent 

Oxygen saturation 

62 per cent 
Started 12 45 

Oxygen catnration 

62 per cent 
Started 12 4S 

Oxygen saturation 

100 per cent 
Started 1 03 
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12 30 

282 

6 092 

12 4S 

286 
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1 00 

279 

0 091 




12 33 

302 

0 095 

IWW 

El 

Em 

1 01 

294 

0 091 

I 14 

321 

0 092 

12 35 

349 

0 112 

12 52 

330 

0 091 

1 02 

331 

0 096 

1 15 

34S 


12 37 

332 

Dropped 

12 54 

369 

0 104 

I 03 

3S0 

o no 

1 16 

392 




beats 













12 50 

416 

Dropped 

I 04 

422 

Dropped 

1 17 

m 

Dropped 






beats 



beats 



beats 


minute Here, again, there was first a fall, later a rise m the P-R 
interval 

To sum up the data of this group of experiments practicalh the 
same events took place as had been observed when animals were 
subjected to moderate grades of anoxemia, the changes, howe\er. 



































TABLE 9 

Dog 120 Pericardium opened, fully alropimzcd 
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Oxygen saturation 97 per cent 
Started 12 08 

Natural heart rate 178 

(ttAjapn 

second 

0 064 

0 070 

0 075 

0 111 

0 128 
Occasional 
dropped 
beat 

noqti[TUiins;o aju# 

per 

mnulc 

217 

241 

270 

303 

322 

358 

9tUT£ 

12 39 

12 45 

Oxygen saturation 97 per cent 

Started 12 08 , 

Natural heart rate 179 i 

[CAJaiUT H-a 

second 

0 064 

0 069 

0 074 

0 106 

0 133 
Occasional 
dropped 
beats 

noqupmiqs jo 

per 

minute 

218 

240 

270 

303 

329 

353 

9 ™X 

12 19 

12 23 

Oxygen saturation 45 per cent 
! Started-ll 42 

Natural heart rate 197 

(TtAJaiur x & 

second 

0 068 

0 072 

0 077 

0 110 

0 137 
Numerous 
dropped 
beats 

trontjfncrqs jo ojtj# 

*> 

N O' h O 'O CS 

I[c (N ^ In o cv lO 

cs cs cn ro fO 

* 

stmx 

12 03 

12 07 

Oxygen saturation 45 per cent 
Started 11 42 

Natural heart rate 203 

IHAJ31U1 

second 

0 070 

0 068 

0 073 

0 074 

0 085 

0 108 
Occasional 
dropped 
beat 

nomrpitnns jo 

per 

minute 

208 

223 

244 

268 

307 

320 

348 

3unx 

11 53 

12 01 

Oxygen saturation 

97 per cent 

Natural heart rate 206 

JCAialOl -a-,1 

second 

0 058 
0 057 

0 064 
0 067 

0 103 

uoqtrpunqs jo 

per 

minute 

212 

234 

263 

292 

338 

3 tu U- 

11 32 

11 40 
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Fig 4 Dog 20 The P-R Inter 1 , als ax Different Rates of Rhythmic 

StEUTOT-ATION OF THE HEAFT 

The determinations were made m the following order 

1 Black dots Arterial oxjgen saturation 97 per cent (column 1, table 9) 

2 Circles Arterial oxi gen saturation 45 per cent (column a, tabic 9) 

3 Dotted circles Arterial ox) gen saturation 97 per cent (column 5, table 9) 

The chart shows the effect of sex ere anoxemia on auncuIo-\ cntncular conduc- 
tion The stage of impaired conduction appears earl), the impairment being 
exaggerated at the higher rates of stimulation The failure of immediate rcco\ cn 
is also well illustrated, the P-R values being almost identical, after one-half hour 
of normal arterial ov>gen saturation, with the values obtained during the anoxic 
period 
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tending to be more marked and to appear more rapidly In these 
experiments, too, there was evidence that recovery may be slow after 
the re-establishment of normal oxygen saturation of the arterial 
blood 


TADLE 10 

Dog 19 Pericardium unopened, fully atropunzed 


Normal P-R interval at rate of 218 is 0 092 second (oxygen saturation 98 per cent) 
Natural heart rate dunng normal arterial oxygen saturation is 164 per minute 


Time 

Oxygen saturation 4 1 per cent 

Started 1 28 

Natural rate 

Rate of stimulation 

P R interval* 


per minute 

per minute 

per minute 

1 30 

156 

218 

0 086 

1 31 30 

158 

222 

0 084 

1 38 

157 

220 

0 0S6 

1 41 

158 

224 

0 087 

1 45 

161 

226 

0 086 

1 50 

163 

224 

0 088 

1 55 

155 

220 

0 089 

2 00 

152 

224 

0 090 

2 06 

135 

220 

0 094 

2 10 

114 

219 

0 109 

2 14 

108 

220 

Intra -auricular 


(Sino-auncular 


block 


block) 




* During rhythmic stimulation 


DISCUSSION 

It is clear that several factors are of importance m determining 
the effect of anoxemia on aunculo-ventncular conduction These 
are the seventy and duration of the anoxemia, the rate at which the 
heart beats and the condition of the animal In general, anoxemia 
produces first a decrease, and later an increase of the P-R interval, 
the latter being favored by severe anoxemia of long duration, by a 
rapid cardiac rate, and by detenoration of the general condi- 
tion of the animal, from one cause or another I have not 
investigated the influence of alterations of blood pressure How- 
ever, Mathison (1910-11) has shown that variations in blood 
pressure exert no direct effect on the occurrence of heart block in 
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asphyxia but that an originally high pressure causes aunculo-\en- 
tncular block to appear earlier This result he ascribed to the more 
vigorous action of the heart and the more rapid exhaustion of the 
available oxygen supply This would also appear to be the explana- 
tion for the exaggerated effect of anoxemia at high rates of stimulation 
for under these conditions the work of the heart is increased It is 
conceivable that the increases in conduction time at gradually ad- 
vancing rates of stimulation c\ en during normal arterial oxygen 
saturation may be explained on the same basis Barcroft, Bock and 
Roughton (1921-22) found that m a clinical case of paroxysmal 
tachycardia there was a striking diminution of the circulatory mmute 
volume associated with an anoxemia of the stagnant type Smce 
the mean arterial pressure was only slightly decreased, the result of the 
tachy cardia in this case was to increase the work of the heart, at the 
same time decreasing the total blood supply', and, presumably- 
diminishing the oxygen supply' to the heart, to some extent at least 
If the lengthening of the P-R interval at increasing cardiac rates is 
due, however, to a gradually' diminishing oxy'gen supply to the heart, 
one should be able to find in a senes of records taken at different 
rates a stage in which the conduction time is shorter than it is at 
still loner rates, smce the first effect of anoxemia is to quicken con- 
duction This phenomenon is not apparent in any' of my experiments, 
that is to say', there has not been an instance m uhich the P-R interval 
shortened definitely on increasing the rate of stimulation The 
absence of a stage of quickened conduction does not pro\ e, howev er, 
that it does not exist, for owing to the fact that the initial rates of 
beating w ere relatn ely high on account of the removal of v agal tone, 
rates which were slow enough to show such a condition may not ha\ e 
been obtained 

The cause of impairment of aunculo-v entncular conduction m the 
later stages of anoxemia is definite it is due to a direct influence on 
the heart muscle produced by oxygen lack, whatever may be the 
fundamental mechanism by which such a lack of oxygen exerts its 
effects Concerning the cause of the initial quickening of aunculo- 
v entncular conduction, there may be some question \ agal influence 
may be dismissed as a factor in the production of this change m these 
experiments Hon ever, one must consider the possibility of stimula- 
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tion of the sympathetic nerves, for such an action is known to hasten 
aunculo-ventncular conduction There is a certain amount of 
contradictory evidence concerning the r61e of the sympathetics in the 
changes m the heart caused by asphyxia, the effect being judged by 
alteration in the rate of the heart Although there is some evidence 
indicating that the sympathetic nerves may be stimulated during 
asphyxial or anoxic states, there is other evidence demonstrating 
that an increase in heart rate may occur, when there is no possibility 
of sympathetic stimulation Thus, Greene, Payne, and Siddle (1925) 
have found, m animals m which the vagus and sympathetic nerves 
to the heart have been cut, and in which the adrenals have been 
removed, that although with progressive anoxemia an mcrease m 
heart rate does not usually take place, a rise may at times occur 
Moreover, Mathison (1910) has shown that in the spinal animal car- 
diac acceleration ensues during asphyxia even after the removal of 
the upper part of the cord, from which the cardiac accelerator nerves 
anse 

In the experiments which I performed, the following data favor 
the view that the decrease m the P-R interval during anoxemia was 
not entirely due to sympathetic stimulation (1) The decrease of 
the P-R interval was not associated with those alterations of the 
electrocardiogram (when Lead II was used) which have been de- 
scribed by Rothberger and Wmterberg (1910) (2) In order to 

obtain more definite information, I removed m one animal both 
stellate ganglia, m addition to tying the vagus nerves and administer- 
ing full doses of atropme In this animal, as in the others, a decrease 
m the P-R interval followed the administration of low oxygen mixtures 

The shorteming of conduction time was definite, pointing to the 
conclusion that the change is due to a direct effect on the myocardium 

In view of the work of Hilton and Eichholtz (1925), it is not al- 
together surprising that a fairly severe and prolonged anoxemia was 
necessary to bring out the stage of impaired conduction On subject- 
ing heart-lung preparations of dogs to marked grades of anoxic an- 
oxemia, they found that coincident with the lowering of oxygen tension 
of the blood, dilatation of the coronary vessels took place, so that 
the blood supply to the heart was increased This augmented blood 
supply was usually able to compensate for the di mini shed amount 



■WILLIAM H RESXIK 


113 


of oxygen available from each unit of blood to such an extent that 
the oxygen consumption of the heart remained normal In some 
instances, however, there was evidence of an oxygen debt, that is to 
say, the oxygen requirements of the heart could not be fully met 
At least one other factor besides the dilatation of the coronary a essels 
is of importance in compensating for a dimini shed arterial oxygen 
tension The increased hydrogen ion concentration of the blood 
which was probably present, shifts the oxygen dissociation curve 
considerably to the right, the result being that at low tensions of 
oxygen (as would be present m the tissues) a liberation of oxjgen 
that is greater than normal occurs * 

It must be remembered that while the circumstances which called 
forth impaired aunculo-ventncular conduction were severe, and are 
hardly ever encountered dmically, these observations were made on 
animals with normal hearts These experiments show, mdeed, that 
the normal myocardium can be subjected to a degree of anoxemia 
such as one ordinarily sees dmically, for a short period of time at least, 
without conspicuous change of conduction from aundes to ventndes 

4 It is unnecessary to describe in detail the -work which has been done on the 
pH of the blood in anoxemia This has been adcquatelj done b\ Koehler, Brun- 
quist, and Loevenhart (1925) who showed in their own investigations that the 
pH of the blood during anoxemia depends on the balance of two factors excessix e 
ventilation tending to decrease the hjdrogen ion concentration, accumulation of 
acid products, formed in the tissues as a result of impaired oxidation, tending 
to increase the acidity of the blood Thej reached the conclusion that although 
there is an alkalosis at first, this increased pH was due to the greater effect b\ 
over-ventilation over theaadotic processes, which, howexcr, occurred from the 
begum ing 

In the absence of pH determinations, I cannot state with assurance the altera- 
Uons that took place m the hj drogen ion concentration in the blood m mj experi- 
ments There was probabh , during the periods of normal artenal oxjgcn satura- 
tion, an increased alkahnitj of the blood due to the washing out of carbon dioxide 
b> the large amount of gas mixtures flowing through the lungs, the amount remain- 
ing practical!) constant throughout an experiment (about 5000 cc.) Since the 
animals were unable to varj the amount of xcntilation (because intratracheal 
insufflation was used) and so to compensate for the anoxemia bx ox erbreathing, 
this clement of the two factors determining the pH is eliminated Conscquentlx , 
an> changes m the pH must haxc been toward the acid side, and Koehler, Brun- 
quist and Loexenhart haxe shown that the aaditx max become xerx great in 
anoxemia 
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On the other hand, it is not unreasonab’e to assume that under an- 
oxemia a heart which is already damaged or which m addition to 
anoxemia is laboring under some other strain such as a bacterial 
mlection max exhibit relatnely early disturbances c: function which 
appear late m a normal heart This vim~ is gwen sne support by 
the results obtained m experiment 16 in which because there had 
been a sex ere hemorrhage conducuon cerVcts appeared alter a short 
period of anoxemia without the s*ag„ c* quickened conduction being 
detected Additional climcal exmmee is afforded by the ciimcal 
cases of asphvxial block m whim mrying degrees oi impairment 
of aunculo-x entncular conduction are present in myocardial failure 
the conduction defects disappearing mth improvement of the cir- 
culatory condition 

ten n 

Deg 31 1 eg is i;cr-r t "o -' r holh stellate gar -I a rc^c-ec 


Oxjrtn saturation £5 per cent 

Orrptn nation 303 per ecu Started 12 2£ 


Tan- | 

Heart rate I 

P-jR intern! Timr 

Heart rate j 

P-R- m ernl 

• 

per mrulc 

sc^ortc 

per minute 

sc c',i 

12 10 

163* 

0 103 12 Vt 

166* 

0 096 



12 30 

312t 

0 127 



j 12 43 

312f 

0 119 


* Natural heart rate 
7 Ehirthmic stimulitinr 


f.pMA| \J X XND f ^INCLUSIONS 

Under Uw * ill "‘hh'h the above experiments were 

performed, 

1 Amt'll Ilf' ini lilt t'lh'Mt type) brings about first a shortening, 
then h'W'JlK'ltWI' "• lllmvenlricular conduction time 

2 'I J/e * /lot I "I WM 0,1 conduction is influenced by the degree 

f U/I)KI |||i li'llUlh <4 m "hich the heart is subjected to 

ni'i/nuiii i I'V III" Ifd' id which the heart beats, and by the general 

Iff bin ul 1 1)' «l*nnnl, There are undoubtedly other factors of 
Uul/oilnun ,vl|h It Mnive not investigated 

2 'I hi ii i i|M n I a in < of the stage of impaired conduction is favored 
by liii n “i l‘ l s °f anoxemia, acting over a longpenod of time, 
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by rapid cardiac rates, and by deterioration of the general condition 
of the animal 

4 The changes m conduction produced by anoxemia are due to a 
direct effect on the myocardium 
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OBSERVATIONS OF THE EFFECT OF ANOXEMIA ON THE 

HEART 

H IXTRAXCEXTRICULAR CONDUCTION 
Bx WILLIAM H REStsTK 

(From the Cardio%raplnc Laboratory of the Medical Clinic erf The Johns Hopkins Hospital 

and University) 

(Recencd for publication August 6, 1925) 

INTRODUCTION 

In a preceding paper (Resmk, 1925), I have described the changes 
m aunculo-X'entncular conduction xxhich occur as a result of anoxic 
anoxemia In this paper, I shall record the effects of anoxemia on 
mtrax entncular conduction It is veil known that supraventricular 
impulses may give rise to aberrant ventricular complexes, that is to 
say, ventricular complexes u hich tend to have the form seen m bundle 
branch block, e\ en when there is no actual anatomical lesion of the 
branches of the main conduction stem (Lewis, 1920) Robinson (1916) 
among others, has reported interesting clinical examples of this kind 
of disturbance of cardiac mechanism, and Lems (1911-12) has de- 
scribed its appearance in asphyxia! experiments This form of ab- 
normal ventricular complex, v hen it is not due to gross structural 
change, is usually seen in patients x\ ho exhibit other evidences of 
functional impairment of the heart, frequently appearing during pe- 
riods of myocardial failure, and disappearing with unpro\ ement of the 
circulation Ventricular aberration may' also appear xxhen an ap- 
parently normal heart is subjected to some unusual strain, such as the 
unusually' rapid rate of beating m paroxy smal tachy cardia of auric- 
ular origin The explanation given for the presence of the abnormal 
form of the ventricular complex under these conditions is that because 
of failure of complete recox cry of one or the other of the bundle 
branches of the conduction system, the excitation waxe traxels 
through the x entncles at unequal rates of speed the result being that 
X'entncular excitation is set up in an abnormal fashion 
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METHODS 

In an attempt to determine in how far anoxemia may be responsible 
for changes m conduction through the ventricles, I have measured 
the QRS intervals m the records taken with lead II m the experiments 
previously reported (Resmk, 1925) The methods of the experiments 
have been fully described m the abo\ e paper, and it need only be 
mentioned that the pericardium was unopened m all the present ex- 
periments, and that the animals were completely under the influence 
of atropine Measurements were made with a Lucus comparator, 11, 
the average of at least three determinations being taken as the figure 
for a single record The same points for measurement were used 
throughout the different records of a single experiment These 
points, chosen for accuracy and convenience of measurement, did 
not necessarily include the entire QRS interval The figures for a 
single record usually fell within 0 002 to 0 003 second 1 

RESULTS 

The results of four experiments are given m tables I to 4 

In experiments 13 and 19 (tables 1 and 2), there was practically no 
change m the duration of the QRS interval, such differences as there 
were falling within the limit of error of measurement In experiment 
17 (table 3) one in which anoxemia was severe but of short duration, 
and m experiment 15 (table 4) m which a moderate anoxemia was 
maintained for two and a half hours, the change was still slight, but 
more definite In the latter experiment, the figures remamed essen- 
tially the same, on return to normal oxygen saturation of the blood, 
as those obtained m the last senes dunng anoxemia, a phenomenon 
which was frequently observed m studying the effect of anoxemia on 
aunculoventncular conduction 

Although records were made at higher rates of stimulation, measure- 
ments of the QRS interval were not made m these, because the change 
m the form of the ventricular complexes and the fusion of the auricular 
and ventricular components of the curves, would have made them 
inaccurate At these high rates of stimulation, the T wave became 

1 Throughout the text and m the tables, it will be understood that the artenal 
blood is meant i\hen reference is made to the oxygen saturation of the blood 
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TABLE 1 


Dog 13 


Oxygen saturation 96 p^r cent 


Oxygen saturation 89 per cent 
Started 12 « 


Time 

Rate of 
stunula 
tion 

QRS 

interval 

T rave 

Time 

Rate of 
stimulation 

QRS 

interval 

T rave 


pern-mute 

second 



Per minute 

se and 


11 55 

212 

■ 

Upright 

12 56 

212 

0 041 

Upnght 


243 


Upnght 


243 

0 042 

Upnght 


264 

0 043 

Upnght 


261 

* 

Upnght 


285 


Upnght 


277 

0 039 

Upnght 

12 22 

323 

0 041 

In\ erted 

1 00 

324 

0 042 

In\ erted 


* Record not satisf actor) for accurate measurement. 


TABLE 2 
Dog 10 


Oxygen saturation 90 per cent 

Started 11 40 

Qiygen aturation 98 per cent 

Started 1247 

Time 

Rate of 
i stunula 
tion 

QRS 

T rave 

Time 1 

Rateof 

stimulation 

QRS 

T rave 


Per minute 

second 



per minule 

second 


12 19 

176 

0 043 

Upright 

1 18 

148 

0 043 

Upnght 


221 

0 043 

Upnght 


218 

0 042 

Upnght 


260 

0 043 

Upnght 


254 

0 042 

Upnght 

12 32 

312 


In\ erted 

1 26 

312 

— 

Im erted 

. 


TABLE 3 

Dog 17 


Oxygen saturation 86 .5 per cent 


Time 

Rate of 
stimula 
tion 

QRS 

T rave 


Per minute 

second 


11 30 

222 

0 046 

Upnght 


282 

0 047 

Upnght 

11 3S 

331 

— 

In\ erted 


Oxygen saturation 49 per cent 
Started 11.57 


Time 

Rateof 

stimulation 

QRS 

T rave 


per runs e 

econd 1 


12 05 | 

226 

0 042 

Upnght 


285 

0 042 

Lpnght 

12 09 

330 

— 

Iru erted 


negative and the \entncular complex diphasic It is probable that 
these -ventricular complexes, which ma\ be termed aberrant, repre- 
sented transitional forms between the normal and those due to v ell 
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Oxygon saturation 100 per cont 

Oxygen saturation 81 per cent 
Started 11 47 

Oxygen saturatioi 
Started I 

Timo 

Rato of 
stimu- 
lation 

QRS 

T wax o 

Time 

Rato of 
stimu- 
lation 

QRS 

T xvnxc 

Time 

Rato ol 
stimu- 
lation 

QR 


per 

minute 

second 



per 

minute 

second 



per 

minute 

MM 

11 33 

204 

0 051 

Upnght 

11 57 

210 

0 051 

Upnght 

12 30 

201 

0 0 


230 

0 049 

Upnght 


234 

0 053 

Upnght 

- 

226 

0 0 


257 

0 053 

Upnght 


266 

0 052 

Upnght 


256 

0 0 






286 

0 049 

Upnght 


2S0 

0 0 


301 

0 056 

Upnght 


306 

0 051 

Upright 


307 

0 0 

11 40 

335 

* 

Inverted 

12 03 

342 

0 053 

Inverted 

12 36 

344 

* 


* Record not satisfactory for accurate measurement 


developed bundle branch block, in spite of the fact that there was no 
conspicuous widening of the QRS interval Wilson (1915) found that 
the most constant feature of transitional complexes was their diphasic 
character I have therefore noted m the tables given above the 
direction of the T wave Using this as a criterion, it is again apparent 
that anoxemia produced no striking changes m intraventricular 
conduction 

In one experiment, no 19 (table 5), a severe degree of anoxemia 
was instituted and maintained until the annual died, the rate of 
stimulation being approximately 220 per minute for each record 
In this experiment there was a gradual increase m the QRS in- 
terval, slight, however, until just before the animal died 

At rapid rates of stimulation there was occasionally observed alter- 
nation m the height of the ventricular complexes and m the width of 
the QRS interval Thus, m experiment 13, the following figures for 
successive ventricular cycles were obtained at the rate of 323 per 
minute 0 0407, 0 0392, 0 0427, 0 0405, 0 0427, 0 0398, 0 0426, 

0 0403, 0 0417, 0 0432, 0 0418 There was no greater tendency for 
these phenomena to occur in either the periods of low or normal 
oxygen saturation of the arterial blood 

It may be mentioned that there was a very definite tendency for 
ventricular fibrillation to develop during anoxemia, particularly 
when the anoxemia vas severe and prolonged This arrhythmia 
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saturation 81 per cent 
Started 11 47 

Oxjsen saturation 81 per cent 
Started 11.57 

Oxygen saturation 07 
Started 2 16 

percent 

teof 

mu- 

tton 

QRS 

T wavo 

Tune 

Rate of 
stimu- 
lation 

QRS 

T wave 

Time 

Rate of 
stimu- 
lation 

QRS 

T wave 

rude 

tfcond 



J*r 

trumde 

x cond 




lecond 




Upright 





3 01 

207 

0 046 

Upright 


0 04S 

Upright 

2 01 

229 

0 047 

Upnght 


222 

0 046 

Upnght 

>54 

0 048 

Upnght 


260 

0 048 

Upnght 


257 


Upnght 

>79 

0 048 

Upright 


282 

Urn 

Upnght 


282 


Upnght 


0 049 

Upnght 


304 

0 051 

Upnght 


303 

bsSk 

Upnght 

537 

0 050 

Inverted 

2 10 

341 

* 

Inverted 

3 10 

330 

0 050 

Inverted 


TABLE 5 


Dog 19 Normal QRS interval at rate of 218 is 0.042 second (Oxygen saturation 98 

per cent) 


Time 

Oxygen f iteration 41 per cent 

Started 1-2S 

Rate of stimulation ' 

QRS 

T wave 


per minute 

seamS 


1 30 

218 

0 041 

Upnght 

1 30 30 

222 

0 041 

Upnght 

1 38 

220 

0 041 

Upnght 

1 41 

224 

0 042 

Shghtlj inserted 

1 45 

226 

0 042 

Shghtlj inverted 

1 50 

224 

0 045 

Shghtlj inverted 

1 55 

220 

0 044 

Shghtlj inserted 

2 00 

224 

0 045 

Shghtlj inverted 

2 06 

220 

0 047 

Shghtlj inverted 

2 10 

219 

0 063* 

Diphasic 

2 14 

220 

Ventricular fibril- 




1 IaUon 



* R notched , low \ oltage 


occasionally appeared spontaneous!} , more often it occurred on the 
lightest handling of the ventricles 

DISCUSSION 

These experiments are few m number, but the} gn c a fairh clear 
idea of the effect of anoxemia on the QRS inten al Xo definite altera- 
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tions look place except when the anoxemia was of long duration or of 
marked seventy These results are similar to those of Lewis (1911-12) 
who found that, whereas asphyxia produced uniformly profound dis- 
turbances m aunculo-ventncular conduction, only occasionally were 
aberrant ventncular complexes present m the same experiments 
Moreover, m his expenments the abnormal ventncular complexes 
were not typical examples of complete bundle branch block, and oc- 
curred, apparently, only m the late stages of asphyxiation 
While the changes are slight, showing that the tissues which trans- 
mit the wave of excitation through the ventricles are relatively re- 
sistant to anoxemia, they are similar in character to those which oc- 
curred in aunculo-ventncular conduction, for shortening of the QRS in- 
terval appeared first, but was followed by lengthening later The 
alterations in intraventricular conduction seen m these expenments 
were not nearly so conspicuous as many of the clinical examples which 
have been reported Yet, it must be emphasized again, that these 
observations were made almost always in patients who showed 
other evidence of myocardial disease The inference that may be 
drawn, then, is that when ventncular aberration, independent of 
organic lesions of the bundles of the mam conduction stem, is not due 
to an unusually rapid heart rate (when it may appear m the normal 
heart with the artenal blood normally saturated with oxygen) it is 
an indication of a more or less severe functional impairment of the 
myocardium This view is based on the assumption that incomplete 
recovery of the bundle branches, to which aberration of the ventnc- 
ular complexes is attributed, is due fundamentally to a defective 
oxygen supply to the myocardium The anoxemia of myocardial 
failure, for example, possibly insufficient in itself to bnng about intra- 
ventricular conduction defects, makes its effects evident when it 
becomes engrafted on a latent functional impairment of the Purkinje 
tissue 


SUMMARY AND CONCLUSIONS 

1 In the normal heart, anoxemia produces comparatively slight 
changes m intraventricular conduction 

2 These changes are similar in character, though much less 
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marked than those which occur m aun culo -ven tn cul ar conduction 
at first the QRS interval shortens, later it lengthens 

3 It is probable that ventricular aberration in clinical cases is an 
indication of more or less serious disturbance of the function of the 
Purhinje tissues 

4 Ventricular fibrillation is prone to dev elop during anovemia 
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INTRODUCTION 

In an earlier paper (Resnik, 1924) , I reported several cases in which 
transient auricular fibrillation occurred as a result of the administra- 
tion of digitalis From observation of the response of these patients 
to atropine, the conclusion was reached that in some instances the 
drug acted directly on the mjocardium This was apparently at 
variance with experimental data of Lewis, Drury, Wedd and Hiescu 
(1921), who showed that strophanthm, acting directly on the auricle 
of the dog, hindered the development of auricular fibrillation, b> in- 
creasing the absolute refractor) period of the auncle I suggested, 
therefore, that possibly the functional changes associated with myo- 
cardial failure, in which condition anoxemia is practicall) constant, 
may ha\e so altered the auricular muscle as to permit the onset of 
auricular fibrillation, m spite of the increase m the absolute refractor) 
penod b\ digitalis Other cluneal and experimental observations 
ha\e been reported which suggest that anoxemia predisposes the 
auricles to fibrillation \aquez (1911) mentions the appearance of 
transient auricular fibrillation in patients with rmocardial failure, 
the arr) thmia disappearing with circulatory improx ement Transient 
auricular fibrillation is relatrv eh common in lobar pneumonia, being 
present in about 3 to 5 per cent of patients with this disease (Cole, 
1920), one m which anoxemia is often a prominent symptom, but 
in which significant heart lesions are not usual (Cohn and Jamieson, 
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1920) Although it is true that m lobar pneumonia the influence of a 
toxin is to be considered, I am unable to find that m other types of 
pneumococcus infections m which the same toxm should be at work, 
auricular fibrillation develops in the same percentage of cases as is 
true m lobar pneumonia Experimentally, de Boer (1921) has shown 
that m the bled frog’s heart, in which, among other nutritional dis- 
turbances, lack of oxygen must be assumed to be present, properly 
timed stimuli may cause the onset of fibrillation, whereas m the nor- 
mally nourished heart, this arrythmia does not appear 

With these data m mind, suggestive but not conclusive, since in 
each of these examples there are other factors besides anoxemia which 
may play a role, I have attempted to determine more definitely the 
relationship between anoxemia and auricular fibrillation I have 
aheady pointed out (Resnik, 1925) that ventricular fibrillation is 
prone to develop when the heart has been exposed to anoxemia 

EXPERIMENTAL METHODS 

These have been described m a former communication (Resnik 
1925a) and it is only necessary to describe those procedures which 
have not been mentioned before In order to determine the relative 
susceptibility of the auricles to develop fibrillation m periods of 
normal and low oxygen saturation of the arterial blood, 1 the effect 
of faradic stimulation of the auricles was observed In all experiments 
the vagus nerves were tied, and m all but one (experiment 35) the 
heart was fully under the influence of atropine Throughout an 
experiment, the strength of the stimulating current, always well 
above the threshhold value, was unchanged, as was the duration of 
each stimulation, usually 15 to 30 seconds 

The method and precautions used m determining the refractory 
period of the atropmized auricles were those described by Lewis, Drury 
and Bulger (1921), break shocks were used exclusively as rhythmic 
stimulating and testmg shocks The timing device of Dieuaide and 
Turner (1924) wus used to facilitate the refractory period determma- 

1 In all further mention of the oxygen saturation of the blood, either m the text 
or in the tables and figures, it will be understood that it is to the artenal blood that 
the reference is made 
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tions In a few of the earlier experiments, two galvanometers were 
used simultaneously, one to record the rhythmic and interrupting 
stimuli, the other to record the responses of the auricular muscle 
Later, only one galvanometer was available It was found that with 
a sufficiently strong current, the signals were plainly visible on the 
film recording auricular activity , so that satisfactory measurements 
were possible by usmg one galvanometer alone, those records only 
from which accurate determinations could be made being used 

RESULTS 

Effect of anoxemia on rate of impulse formation at the stno-auncular 
node The results which I obtained were m agreement with those 
that have been observed by others, for there was first an acceleration 


TABLE 1 

Dog 34 Vagus ner-es tied, fully atropiruzcd 


Time 

Oxygen saturation 

Natural rate of heart 


per uni 

per rrinult 

11 01 

100 

205 

11 26 

90 


11 32 

90 


11 46 

90 

206 

11 53 

90 

197 

12 03 

90 

185 

12 03 

90 

126 


and then a depression of the natural rate of the heart Table 1 is 
illustrative of the response of the smo-auncular node to anoxemia 
Following a slight acceleration, the rate of the heart decreased 
graduallv as anoxemia persisted until the condition of the animal was 
impaired, when the rate slowed rapidly On one occasion so-called 
smo-auncular block was produced The penod of acceleration was 
usually of bnef duration and the stage of depression was generally 
seen at the time w hen aunculo-x entncular conduction was quickened 
This difference in the behavior of the smo-auncular and aunculo- 
\ entncular tissues is shown m table 2 

When anoxemia was relatix eh mild re-establishment of the normal 
ox> gen saturation of the blood was associated with a return of the 
heart rate to the normal lex el When anoxemia was more sex ere 
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and prolonged, however, the rate tended to remain low even when 
other functions, such as aunculo-ventncular conduction, became 
normal In other words, the smo-auncular node is apparently highly 
sensitive to anoxemia the stage of depression appears rapidly and 
recovery is slow 

I have discussed elsewhere (Resmk, (1925a)), the question of stimula- 
tion of sympathetic nerves m anoxemia Although the acceleration 
m cardiac rate may, in part, be due to this, it seems clear that stimula- 
tion of sympathetic nerves does not entirely account for the increased 
heart rate In one annual (experiment 31), in addition to tying both 
vagi and administering full doses of atropine, both stellate ganglia 
were removed The heart rate was 163 per minute when the arterial 


TABLE 2 

Dog 15 Vagus nerves tied, fully atropimzed 


Tune 

Orj gen saturation 

Natural rate of heart 

P R interval 


per cent 

per minute 

second 

11 33 

100 

162 


11 47 

81 



11 57 

81 

154 


12 30 

81 

158 


1 15 

81 

156 

0 072 

2 01 

81 

144 

0 067 

2 10 

97 



3 01 

97 

162 

0 070 


blood was completely saturated with oxygen, fourteen minutes after 
a moderate anoxemia (oxygen saturation 85 per cent) was established, 
the rate rose to 172 per minute The increase must have been due 
to a direct effect of anoxemia on the myocardium 
Faradic stimulation of the auricles during anoxemia It is well 
known that under ordinary conditions faradic stimulation of the 
auricles leads almost constantly to the development of auncular 
fibrillation If atropine is previously administered, however, m doses 
sufficient to paralyze the vagal endmgs, it is difficult, and sometimes 
impossible, owing to the prolongation of the absolute refractory period 
of the auricles by this drug, to produce auncular fibnllation by faradic 
stimulation (Wmterberg, 1908) In eleven expenments I have 
compared the effect produced dunng penods of normal and low 
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saturations of oxygen, of faradic stimulation of the auricles In 
ten of these obsenations, \agal tone was completely removed, by 
tying both vagus nerv es and giving frequent large doses of atropine 
In one further experiment (experiment 35) atropine was not gn en, 
and under these conditions it may be assumed that x agal influence 
was largely but not entirely remoied, since the vagal nene endings 
tvere capable of being stimulated by the faradic current. 

A strong faradic current was thrown mto the auricles, the stimulat- 
ing electrodes being placed at or near the junction of the supenor 
vena ca\a with the upper end of the body of the aunde, and the 
duration of the after-effect was noted This procedure was earned 
out a number of times, so that a dear idea of the susceptibility of the 
aundes to fibnllate could be ob tamed If fibrillation 5 resulted and 
lasted for more than one and a half to two minutes, or sometimes 
longer, faradic stimulation was employed to bring the circus mo\ ement 
to an end This was done in order that more numerous obser\ ations 
could be obtained 

Using this method, I found that in six of the ele\ en experiments, 
there was a distinctly’ greater tendency for fibrillation to appear after 
the cessation of faradic stimulation during anoxemia than during 
normal oxygen saturation of the blood In one experiment, 3 evidence 
to the same effect was suggests e but not conclusrv e In three further 
experiments there n as no preponderating tendency in either anoxemia 
or normal oxygen saturation of the blood for auricular fibrillation to 
develop Finally’, m one experiment, there was a greater tendency 
for fibrillation to develop in the period of normal oxygen saturation 
of the blood than dunng anoxemia 

In table 3 are grven the data of an experiment which illustrates 

5 In this connection, I shall mean “fibrillation” to express both fibrillation and 
flutter, since the work of Lewis and his associates has demonstrated that both 
these types of arrv thmia has c a common underhang mechanism. 

3 Two other experiments mav be classed as being suggestive of the influence of 
anoxemia in predisposing the aundes to fibrillation Thus, in one, no after-effect 
was observed after 23 stimulaUons with a faradic current When anoxemia was 
instituted, fibnllation appeared after the third faradic stimulaUon and lasted for 
fixe minutes Xo further attempts were made to note the effect of faradic stimu- 
lation, as other intormation was being "ought 
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the type m which anoxemia favored the development of auricular 
fibrillation 

In this experiment, ten tnals with the faradic current failed to 
produce auricular fibrillation when the blood was normal^ saturated 
with oxygen Severe anoxemia was started, shortly afterwards, fol- 
lowing three out of four faradic stimulations, fibrillation developed 
Each period of fibrillation lasted about three minutes and ended when 
further faradic currents were thrown into the auricles On restoration 
of normal oxygen saturation of the blood, three further tnals failed 
to produce auncular fibnllation 

In table 4 is summanzed another expenment of the same kind 
It is given m greater detail, since it exhibits certain features which 
are worthy of mention 


TABLE 3 
Dog 8 


Oxygen saturation 

Number of faradic 
stimulations 

Number of after-effects 

Per cent 

90 

10 

0 

33 

4 

3* 

91 

3 

0 


* Each of these lasted about three minutes and was ended by faradic stimulation 


In this expenment, as m the one previously descnbed, there was a 
definitely greater tendency for after-effects to appear dunng anoxemia 
than dunng the first penod of normal oxygen saturation of the blood 
When a high oxygen mixture was given following the preceding 
anoxemia, the auncles continued to exhibit for a short time a pre- 
disposition to fibrillation, which, however, disappeared later That 
is to say, immediately after the cessation of anoxemia, the auncles 
behaved as if they had not fully recovered, and this I have observed 
on several other occasions 

Expenment 35 (table 5) illustrates another pomt of interest The 
vagus nerves of the animal were tied, atropine was not used The 
after-effects are classified m the table as short (5 to 59 seconds) and 
long (more than one minute) Fifty tnals with faradic stimulation, 
five times associated with vagal stimulation, were ineffective in 
causing fibnllation dunng the first penod of normal artenal oxygen 
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TABLE 4 


Dog 10 


Oxygen saturation 

Faradic stimulation 

Duration of after-effect 

Per cent 


itzori 

94 5 

i 

0* 


2 

0 


3 

0 


4 

0 


5 

1 rmnutef 


6 

0 


7 ' 

0 


8 

0 


9 

0 


10 

0 

85 

1 

30 


2 

0 


3 

20 


4 

15 


5 

15 


6 

3 minutest 


7 

0 


8 

10 


9 

0 


10 

2 minute 


11 

0 

96 

1 

1 minute 


2 

0 


3 

0 


4 

3 minutest 


5 

o 


6 

0 


7 

10 


8 

0 


9 

0 


10 

0 


11 

0 


12 

0 


* After-effects of less than fi\e seconds duration are recorded as 0 
t Ended bj faradic stimulation 


saturation A tnoderateh set ere anoxemia \tas produced and in 
eight attempts, all lavithout tagal stimulation there resulted one 
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short and one long after-effect On return to a high oxygen mixture, 
five attempts, three with vagal stimulation, failed to bring on fibrilla- 
tion Anoxemia was agam started, and this time five trials, asso- 
ciated with vagal stimulation, caused an after-effect to appear in each 
instance, the last one, of 44 minutes duration, ceased when normal 
oxygen saturation of the blood was restored At this time, with a 
high oxygen mixture, two of four faradic stimulations, each combined 
with vagal stimulation, produced auricular fibrillation Finally, when 
a severe anoxemia was started, seven trials failed to cause an after- 
effect 


arterial dura non or after effect 

OXYGEN tec, to aa 30 *0 so i*.* 10 30 30 

SATURATION <1 



I 


Fig 1 Experiment 10 The Response of the Auricles (Vagal Tone 
Completely Removed) to Faradic Stimulation During Periods of 
Normal and Low Oxygen Saturation of the Blood 

The chart is divided into three parts, the upper representing 10 tnals with 
faradic stimulation, the arterial oxygen saturation being 94 5 The middle part 
shows the result of 1 1 faradic stimulations, the blood oxygen saturation being 86 
The lower part shows the effect of 12 stimulations when the oxygen saturation of 
the blood was raised again to 96 The black bars represent the duration of the 
after-effect, the stippled areas indicating that fibrillation lasted longer than the 
length of the black bar indicates and was ended by stimulating the auricles with a 
faradic current (except no 10 of the middle block which ended spontaneously in 
tvo minutes) Note the increased tendency for the auricles to fibnllate during 
the anoxic period, and also the persistence of this tendency for a short time after 
the normal ox)gen saturation of the blood ■uas restored 
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This experiment demonstrates again the effect of anoxemia m 
predisposing the auricles to fibrillation It shows also that following 
a period of anoxemia, the recover}" process m the auricles is delayed, 
so that fibrillation may be produced with the blood fully saturated 
with oxygen, whereas previously under the same conditions of oxygen 
saturation no after-effects could be obtained The experiment 
illustrates another finding that I have noted, namely, that it is in 
early stages of anoxemia that the auricles exhibit a tendency to 
develop after-effects, generally the late effect of anoxemia is to inhibit 
the onset of fibrillation 


TABLE 5 

Dog 35 Vagus nerves lied, no atropine used 


Oxygen saturation of 

Number of farxdic 

Duration of after-effect 

blood 

stimulations 

15 to 59 seconds 

1 mmute or longer 

Per uni 

100 

SO (0)* 

0 

0 

73 

8(0) 

i 

i 

100 

5(3) 

0 

0 

73 

5(5) 

2 

3 

100 

4(4) 

0 

2 

65f 

7(7) 

0 

0 


* The figures m the parentheses indicate the number of times vagal stimulation was 
used together with fatadic stimulation 
t Approximately 


The findings in these and other experiments afford an explanation 
for the one instance ("experiment 22), in vhich there was a greater 
tendency for fibrillation to appear when the blood was normally 
saturated with ox} gen than when anoxemia v. as present In this 
case, a moderate anoxemia (SO per cent saturation) had been present 
for slightly more than two hours * A high ox> gen mixture v.as then 
given, and faradic stimulation produced three short and two long 
after-effects in thirt} trials On lowering the oxigen saturation of 
the blood to SO per cent, fiftx trials caused onl\ one long after-effect 
The reason for this exceptional result is indoubtcdh due to the fact 
that functionally the auricles during the period vhen the blood was 
normal!} saturated, were m a state of mild anoxemiay^ue to jncom- 


4 During this time other obsenaUons were being made 









ARTERIAL DURATION OF AFTER-EFFECT 

OXYGEN 



Fig 2 Experiment 35 The Response of the Auricles to Faradic 
Stimulation, Vagal Tone Largely Eliminated, During Periods 
of Normal and Low Oxygen Saturation of the Blood 


On the left hand side of the chart are given the percentages of oxygen satura- 
tion of the arterial blood and the number of faradic stimulations during the differ- 
ent periods The width of a single black bar represents a single after-effect, its 
length showing the duration of the after-effect The stippled areas mean that the 
after-effect A these instances lasted longer than the chart indicates Note the 
increased tendency for fibrillation to develop during the early periods of anoxemia 
(second and murth blocks of the chart), the persistence of this tendency when 
normal saturation is'restored after a preceding period of anoxemia (fifth b ock , 
and the failure of fibnlh t.on to appear in the late stages of anoxemia (low est block) 
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plete reco\ ery from the previously existent anoxemia of long duration 
When the oxygen saturation of the blood was then reduced, the late 
effect of anoxemia was seen, that is to say, auricular fibrillation was 
hindered 

There were three experiments in which no difference could be 
detected in the response to faradic stimulation, either with normal 
or low oxygen mixtures In two of these, no after-effect could be 
produced It must be recalled that atropine places a serious obstacle 
in the way of producing auricular fibrillation by any method Con- 
sequently, it does not necessarily follow that anoxemia was without 
effect in these two cases It may well have been that the anoxemia 
could not overcome the antagonistic influence of atropine 

One may summarize the foregomg data by stating that anoxemia 
predisposes the auricles to fibrillation, even when vagal tone is com- 
pletely removed Recovery of the auricles from a previous period 
of anoxemia is not immediate, and after-effects maj be observ ed m 
incompletely recovered auricles when the blood is normally saturated 
with oxygen whereas previously, under the same conditions of ox} gen 
saturation of the blood, after-effects may ha\ e been absent Anoxe- 
mia exerts that influence on the auricles which predisposes to fibril- 
lation, relatively early, and the late effect of anoxemia is to inhibit 
the development of auricular fibrillation 

The refractory penod of the auricle In se\en experiments, determi- 
nations of the refractor}” period of the auricles were made during 
periods of normal and diminished ox}gen saturation of the blood 
It was found that anoxemia first decreased the refractor} period, 
but later increased it, bringing on \ anous degrees of mtra-auncular 
block In table 6 are the data of an experiment illustrating the 
diminution of the refractor} period b} anoxemia 

In this table are given the figures for the latest ineffective 5 and 
the earliest effective shocks, the calculated refractor} period being 

‘In this and following tables, the “latest ineffective stimulus” does not actuallv 
represent the longest interval between rh> thmic and interrupting shocks at which 
a response occurs It represents the interval below which all other interrupting 
stimuli are incffccUvc \ certain amount of overlapping oi effective and ineffec- 
tive shocks is prone to occur when the auricles ase atropinizcd, particularlv at the 
higher rates of driving 
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TABLE 6 


Dog 126 



Oxygen satura- 
tion 96 per cent | 

Oxygen satura- 
tion 50per cent 
started 11 30 

Oxygen satura- 
tion 96 per cent 
started 12 03 

Time 

12 05 

11 20 

11 42 

11 47 

12.30 

12 40 

Auricular rate per minute 

216 

273 

223 

273 

222 

276 

Latest ineffective stimulus 


flS§ 


0 073 

0 095 


Earbest effective stimulus 


mi 


0 077 



Calculated refractory period 

0 092 


0 085 

0 075 

0 099 

0 087 


TABLE 7 

Dog 30 Auricular rale 295 per minute 


Tune 

Oxygen saturation 

Latest ineffective 
stimulus 

Earliest effective 
stimulus 

Calculated 
refractory period 


per cent 

| 



12 11 

100 

0 090 

0 097 

0 0935 

12 14 

73 




12 38 

73 

0 076 


0 077 

12 41* 

t 

0 095 

WBBM. 

0 098 

12 46 

t 

0 106 

t 

>0 106 


* Two minutes after appearance of ventricular fibrillation 

f No figures are given for the percentage of arterial oxygen saturation as this must 
have decreased very rapidly during ventricular fibrillation 

J There were no instances in which an interrupting shock was preceded by h\ o effec- 
tive rhythmic shocks, a necessary precaution m the determination of the refractory period 
(Lewis, Drury and Bulger, 1921) Consequently, no determination a as made for the 
earliest effective stimulus at this time 


TABLE 8 


Dog 27 Auricular rale 221 Refractory period at rate of 214 was 0 1095 with normal 

arterial oxvgen saturation 



Oxygen saturation 45 per cent 

Started 1 35 

Time 

Latest ineffective 
stimulus 

Earliest effective 
stimulus 

Calculated refractory 
period 

1 57 

0 093 

0 093 

0 093 

2 04 

0 082 


0 086 

2 10 

0 087 


0 089 

2 19 

0 098 

I 1 ■ 

0 098 

2 32 

0 092 

a 1 1 ■ 

0 096 

2 40 

Intra-auncular 

block 
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taken as the average of the two figures In this experiment, shortly 
after producing a severe anoxemia, the refractory period decreased 
slightly but definitely, returning to figures above those ongmally 
obtamed, when the normal oxygen saturation of the blood was 
restored 

In tables 7 and 8 are recorded two further experiments in which 
anoxemia was continued until the animals died In both there is seen 
a fall, then a rise in the refractor}- period during anoxemia In each 
of these experiments the refractor}' period increased only when the 
animal was in very poor condition 


TABLE 9 


Time 

Oxygen .aturation of blood 1 

Rite of lnncle 


I per cent 

per curuU 

12 23 

100 

659 

12 25 

50 


12 36 

50 

621 

12 40 

50 

60S 

12 45 

50 

612 

12 50 

50 

614 

12 55 

50 

590 

1 00 

50 

549 

1 05 

50 

4S0 

1 05 30 

SO 

465 

1 06 

SO 

440 

1 07 

50 

Normal mechanism* 


* The animal died a fev minutes after the re\ er=ion to normal mechanism 


In two of the four remaining experiments, there was a decrease 
in the refractor}' period, which occurred a short time after a moderate 
anoxemia was started In the other two experiments onl} the stage 
of increase m the refractor} period was obtained, m one the anoxemia 
v>as set ere (47 per cent artenal ox}gen saturation), in the other, the 
anoxemia was mild (ox}gen saturation, 89 per cent), but of relatively 
long duration, lasting almost two hours 
The data on the effect of anoxemia on the refractor}- period of the 
auricle are admittedly insufficient to give a complete picture since 
the rh}thmic rates were relatneh low in the determinations which 
I made The} are presented because the} are consistent, m a general 
" > "nth the other observations on the effect of anoxemia 
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Effect of anoxemia on auricular fibrillation already present On 
several occasions the effect of anoxemia on the rate of a arcus move- 
ment was noted Experiment 21 (table 9) is illustrative of the others 
Eleven minutes after the onset of anoxemia, there was a slight 
decrease m the rate of fibrillation, from 659 to 640 per minute, the 
level then remained about the same for fourteen minutes more The 
rate then fell agam, gradually at first, but very rapidly before the 
spontaneous reversion to the normal mechanism took place 

In one animal (experiment 35, table 10) flutter was produced shortly 
after anoxemia was induced The rate of the auricle diminished 


TABLE 10 

Dog 35 Vagus nerves lied, atropine not used Auricular flutter started at 12 05 


Time 

Oxygen saturation of blood 

Auricular rate 


per cent 

per minute 

12 06 

73 

600 

12 08 

73 

590 

12 11 

73 

582 

12 18 

73 

580 

12 29 

73 

582 

12 30 

100 


12 31 

100 

583 

12 33 

100 

588 

12 40 

100 

588 

12 46 

100 

588 

12 50 

100 

587 

12 50 15 

100 

Normal mechanism 


gradually from 600 to 582 per minute within five minutes and the rate 
remained constant for eighteen minutes A high oxygen mixture 
was then given The rate rose to 588 within three minutes, remained 
at this level for seventeen minutes and almost immediately after the 
last record was taken (the rate of which was 587) the normal mechan- 
ism was restored 

DISCUSSION 

The results which were obtained with faradic stimulation dunng 
anoxemia indicate definitely that anoxemia predisposes the auricles 
to fibrillation, and this effect is the more striking m that it may over- 
come the powerfully antagomstic influence of atropine I have 
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purposefully stated that anoxemia predisposes the auncles to fibril- 
lation in none of these experiments has auricular fibrillation appeared 
spontaneously Apparently some other factor besides anoxemia is 
necessary to initiate this arrjthmia In these observations, using 
the normal heart of the dog, this additional factor mas the rapid 
stimulation of the auncles by a faradic current What this second 
factor may be in the vanous clinical conditions in which anoxemia 
seems to play a r6le in causing transient auricular fibrillation, it is 
difficult to determine Undoubted!} this influence differs in the 
individual case, although fundamentally its effect is probably alwa> s 
the same 

The development of a circus movement depends essentially upon 
shortening of the refractory period and lengthening of the rate of 
conduction, these occurring in such a fashion that the slowly tra\ elling 
wave of excitation is always able to enter responsiv e muscular tissue, 
the refractory state having passed off When the two factors of 
primary importance, namely refractor} penod and rate of conduction, 
are altered in such a way that the} are mutually antagonistic the 
outcome depends on the preponderating effect of one or the other of 
the actions Thus, at high rates of stimulation atropine slows the 
rate of transmission of the excitation waie, but the opposite influence 
of the increased refractor}' penod practical!} alwa}s predominates 
and auncular fibrillation is hindered Com erseh , v agal stimulation 
increases the rate of transmission through the aunde at high rates of 
stimulation, but the absolute refractor} penod is shortened at the 
same time, and usuall} the appearance of auncular ftbnllation is 
faxored 

At first sight it would appear that the effect of anoxemia on the 
refractor} penod explains the type of response of the auncles to 
faradic stimulation in the earl} and late stages of anoxemia It is m 
the earl} stage that the auncles show a predisposition to the develop- 
ment of fibnllation, and it is at this time that the refractor} penod 
is shortened Likewise, the failure of fibnllation to appear ( usuall } ) 
m the late stages of anoxemia is apparent^ explained b\ the increase 
m the refractor} penod Unfortunateh I ha\ e been unable to make 
determinations of the rate of transmission ol the excitation waie 
through the auncular muscle, nor haic I obtained satisfactory ob- 
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servations on the effect of anoxemia on the refractory penod at high 
rates of stimulation I have pomted out elsewhere (Resrnk, 1925a) 
that at relatively low rates of stimulation, aunculo-ventncular con- 
duction may be quickened by anoxemia, whereas higher rates may 
cause conduction defects to appear It is quite possible that the 
same events may take place in the refractory penod of the auncles 
Indeed, from the response to anoxemia of a circus movement already 
established (tables 9 and 10) it seems certain that the simple shortening 
of the refractory penod cannot entirely account for the development 
of auncular fibnllation in the early stages of anoxemia, for if it 
were the case, the rate of the circulating rhythm should mcrease, for a 
short time at least, on changing from normal to low oxygen saturation 
of the blood The shortening of the refractory penod, if it were the 
only change to occur, should then permit the excitation wave to take 
a shorter path, this in turn allowing the excitation wave to traverse 
its course a greater number of times per mmute However, I have 
found that soon after diminishing the percentage of oxygen saturation 
of the blood, the rate of the circus movement decreased Without a 
knowledge of the actual changes which occur m the refractory penod 
and the rate of conduction when the auncles beat rapidly dunng an- 
oxemia, it is useless to pursue the discussion With the present data, 
one can state that, whatever may be the absolute alterations of 
refractory penod and conduction, relatively the refractory penod 
is decreased and conduction slowed, m the early stages of anoxemia, 
so that a circus movement is permitted to develop, in the late stages 
of anoxemia the reverse is true 6 

SUMMARY AND CONCLUSIONS 

1 The smo-auncular node is highly sensitive to anoxemia There 
is at first a bnef penod dunng which the rate of impulse formation is 

0 No reference has been made as to the ultimate cause by which slowing of the 
rate of transmission of the excitation wave through the auncles may be brought 
about Drury (1925) descnbmg work by himself and Andrus has presented 
evidence to show that injury of the muscular tissue by various means causes the 
phenomenon known as “conduction with decrement” to appear Whether this is 
true of conduction defects in the auncles due to anoxemia (and it is highly probable 
that they exist), I am unable to state Since this paper was written, Drury’s 
article has appeared in Heart, 1925, xn, 143 
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accelerated, followed rapid!}' by progressive slowing of the intrinsic 
rate of the heart 

2 Relatively low rates of rhythmic stimulation, anoxemia first 
reduces, then increases the absolute refractory period of the auricles 

3 Anoxemia diminishes the rate at which a circus mo\ ement tra\ els 
throughout the auricle 

4 When vagal tone is remov ed, and the auricles are stimulated 
by a faradic current, the early effect of anoxemia is to predispose the 
auricles to fibrillation, the late effect is to inhibit the development of 
fibrillation The mechanism by which anoxemia produces these 
effects is discussed 


BIBLIOGRAPHY 

Boer, S de Jour PhysioL, 1921, lrv, 400 On the Fibrillation of the Heart 

Cohn, A E , and Jamieson, R A Jour Exp Med , 1917, xxv, 65 The Action 
of Digitalis in Pneumonia 

Cole, R Nelson Loose-Leaf Living Mediane New York, 1920, i, 232 

Dieuaide, F R , and Turner, R H BulL Johns Hopkins Hosp , 1924, xxv, 411 
Note on a Tuning Device for the Determination of the Refractor} Penod of 
the Heart. 

Drury, A N Lecture, Johns Hopkins Medical Society , May 22, 1925, on “Con- 
duction in Damaged Heart Muscle ” 

Lewis, T , Drury, A N , and Bulger, H A Heart, 1921, vin, S3 Observations 
upon Flutter and Fibrillation Part VI The Refracton Penod and Rate 
of Propagation m the Auricle Their Relation to Block m the Auricular 
Walls and to Flutter, etc 

Lewis, T , Drury, A N , Wedd, A M , and Hiescu, C C Heart, 1921-22, ix, 
207 Observations upon the Action of Certain Drugs upon Fibrillation of 
the Aunclcs 

Resnih, W H Jour Clin Invest , 1924, i, 181 Transient Auricular Fibrillation 
Following Digitalis Therapy, with Observations upon the Response to 
Atropine 

Resnih, W H (a), Jour Clin Invest. 1925, u, 93 Observations on the Effect 
of Anoxemia on the Heart. I Aunculo-v entncular Conduction 

Resmk, \V H. (b) Jour Clin Invest 1925, n, 117 Observations on the Ef- 
fect of Anoxemia on the Heart EL Intraventricular Conduction 

Vaquez, H Lcs Arrythmies Pans, 1911 

Wintcrberg, H Arch f dcs ges Phvsiol , 190S, csxxu, 361 Studien uber 
Hcrzfkmmcra II Mitteilung liber die Beemflussung dcs Hcrzfkmmems 
durch cuuge Gtftc. 




SIMULTANEOUS RESPIRATORY EXCHANGE AND BLOOD 
SUGAR TIME CURHiS OBTAINED IN DLABETIC AND 
NON DIABETIC INDIVIDUALS FOLLOWING INGESTION 
OF GLUCOSE 

Bv I M RABIX OW7T CH 

With the assistance or ALTHE \ B FRITH and ELF AXOR \ B tZIX 
(From the Department of Metabolism, the Montreal General Bosp lal, Mortreal, Canada) 

(Received for pnbhcation JuK 1, 1913) 

INTRODUCTION 

Hyp ergly caemia and glycosuria result when the combined rates 
of oxidation and storage do not keep pace with the rate of absorption 
of glucose from the alimentary canal or its formation m the body 
Carbohydrate tolerance is therefore usually estimated In the study of 
glycaemia and glj cosuna Another general!} recognized, and probably 
more efficient method, is the study of the respirator} exchange These 
procedures have, from time to time, depending upon the circumstances 
in any given case, been emplojed independent!} It would appear, 
honever, that a stud} combining both methods would be the most 
satisfactory 

E\en in normal individuals simultaneous blood and respirator}' 
metabolism data obtamed following the ingestion of glucose are v en 
scant} In isolated instances in studvmg carboh\ drate metabolism 
in diseases other than diabetes, such data have been obtained for 
comparative purposes Of special note are those of Sanger and Hun 

(1) in their w ork on hvperthyroidism and Linder, Hiller and \ an Slv ke 

(2) on nephritis Finlev and Rabmowitch (3) and more recenth 
Ladd and Richardson (4) applied this method m a stud} of renal 
glv cosuna 

The object of this paper is to record simultaneous respirator} 
exchange and blood sugar time cun es obtained in fix e cases of renal 
gl\ cosuna, eleven cases of diabetes of different seventv , and tv o cases 
of pituitan disease with glv cosuna 

W5 
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For the discussion of results it is necessary first to consider briefly 
the normal values obtained with the individual procedures The 
literature of each method has frequently been reviewed and requires 
no repetition 

BLOOD SUGAR 

In a comprehensive study, including a statistical analysis of 4000 
individual determinations m 971 cases, Gray (5) presented the views 
now most generally accepted The values of the mean and the mode 
(the most typical results) of the senes agreed very closely The blood 
sugar time curve is characteristic The fasting blood sugar is about 
0 09 Following the administration of glucose, the maximum incre- 
ment is noted within 30 minutes, and the value is below 0 180 per cent, 
the average peak bemg 0 140 per cent The rate of decline is at first 
more rapid, then slower Within 3 hours the blood sugar concentra- 
tion is equal to or below that of the fastmg period 

In only ten of 431 cases was the fasting level above 0 12 per cent 
Eight of these were 0 130 per cent In one case it was 0 15 and in 
another 0 160 per cent These data are of particular interest since, 
m the majority of cases (300 out of 479), the dose of sugar administered 
by the vanous workers was that now generally employed, namely, 70 
to 100 grams In the majority of the 300 cases abnormal glycosuresis 
did not occur It was, however, found m a sufficient number, namely, 
129, to emphasize the difficulty of the interpretation of this 
phenomenon 

The majority of observers are also in agreement as to the relation 
between the type of the curve and the dose of sugar given With as 
little as 5 grams an appreciable increase was noted The highest peak 
with the smallest dose was as great as the average peak with the 
larger dose With doses exceeding 25 grams the peak was not afiected 
Increasing the dose merely prolonged the time necessary for the 
blood sugar to return to its original fastmg level The difference 
between the effects of the starches and glucose was too small to deter- 
mine any special preference 

In diabetics (excluding hypertension, nephritis, hepatic disorders, 
hyperthyroidism, hyperpituitarism, etc ) the mean values corresponds 
to those now generally recognized Following the administration of 
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glucose the rate of increase of the blood sugar percentage is slower and 
the peak occurs later (at the end of the first hour) The rate of 
return to the original lei el vanes with the se\ enty of the disease as 
indicated by the degree of hyperglycaemia in the post-absorptive 
state 

In renal glycosuna, in the absence of nephritis, the mean levels 
of the fasting blood sugar, the rate and the character of the curve of 
decline are essentially the same as those found m normal individuals 

RESPIRATOR! EXCHANGE 

The average respirator}' quotient during the fasting penod is 0 82 
(0 83 for males and 0 81 for females) (6) After the administration of 
100 grams of glucose an increase may be noted within 7 minutes (7) 
and rarely fails to occur within 30 minutes The a\ erage maximum 
increase is about 0 12 (8) In some instances a slight decrease may be 
noted In conditions which deplete glycogen, such as exerase, 
starvation, etc , no increase or an actual decrease mav be noted for a 
time (7, 8, 9) Benedict and Carpenter (8) found a fairly consistent 
picture in the ten cases obsen ed The lowest, highest and a\ erage 
peaks of carbon dioxide production were respectn eh 12, 35 and 25 
per cent above the basal penod, of oxigen consumption, 3, 22, and 
12 per cent, of the heat production 6, 24 and 14, and of the respira- 
tor}' quotients, 0 07, 0 17 and 0 12 per cent The a\ erage time oi 
appearance of the maximum effects a as within 2 hours 

Excluding the technical difficulties, ps} chic and other factors which 
ma} yield artifiaal respirator}' quotients — common to both normal and 
diabetic subjects — and assuming that the quotients obtained approxi- 
mate true metabolic respirator}' quotients, there are still man} lactors 
lihich influence then \alue in the fasting state m diabetes and make 
difficult them interpretation Rate of metabolism composition ot the 
diet of the previous da} the oxidation of acetone bodies non-utiliza- 
tion of carbohi drates, incomplete oxidation of fats and decreased 
urea formation are some of these factors The numerous \aganes 
ha\e been discussed b} both Jodin and DuBois in then recent mono- 
graphs (10) It is therefore unnecessan to repeat these here 

1 ollowing the administration of glucose to a diabetic m the absence 
of insulin, three tvpes of response ma\ be noted (a) no increase 1 1>) 
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an increase, and m some cases approximating the response m normal 
individuals, and (c) an initial decrease followed by an increase All 
three types of response were found during thisinvestigation These 
will be discussed separately, and then correlated with the clinical 
picture and blood sugar curves The curve of the heat production 
may or may not parallel the curve of the respiratory quotient 

METHODS 

Classification of cases 

The diagnosis of all the cases of renal glycosuria was based upon the 
generally accepted clinical and laboratory standards, namely, (a) 
absence of hyperglycaemia, ( b ) no uniform relation between intake 
and excretion of sugar, (c) excretion of sugar slight, (d) normal blood 
sugar time curves following administration of glucose, and (c) absence 
of other clinical signs and symptoms suggestive of the common type 
of diabetes The important clinical index pointed out by Joshn, 
namely, the absence of diabetes following many years of observation, 
could for obvious reasons not be applied 

The classification of the diabetics into very mild, mild (incipient), 
moderate and severe, must, of necessity, be approximate Joshn, 
though not stnctly adhering to carbohydrate tolerance as a guide, 
does employ it The individuals with a tolerance of less than 10 
grams of glucose are regarded as severe, between 10 and 50 grams as 
moderate, and with a tolerance of 50 grams or over as mild A classi- 
fication based upon the use of insulin is suggested According to Von 
Noorden’s classification, those individuals are regarded as severe, who, 
m spite of a prolonged and extremely low carbohydrate diet, fail to 
become sugar free Woodyatt 1 suggests that the only rational method 
of measuring the degree of diabetes is to measure the velocity at which 
glucose can be utilized, that is, the number of grams utilized per unit of 
tune such as 24 hours The utilization of glucose equals the supply 
minus the excretion The classification employed m this hospital, 
and for this investigation, combines that of Joshn and Von Noorden, 
with certain modifications It is based upon (a) glycosuria, (b) ace- 


1 Personal communication 
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tonuna, in the absence of any previous!} restricted diet, ( c ) cbnical 
signs and symptoms, (d) response to a “green da}- 7 ' diet, and (e) 
composition of the final diet 

1 Very mild The gh cosuna is transient or post prandial only , and disappears 
readily with moderate change m diet, w hich include* eliminating the sugar m tea 
or coffee avoiding pastries and puddings, but allowing one ounce of bread at each 
meal Otherwise no particular restriction is made as to meats, or \egetables 
The glycosuria is discovered by routine examination, and there are no other signs 
or svmptoms of diabetes 

2 Mild cases The gly cosuna is present throughout the da\ , but may be made 
to disappear in one or two da>s, following a “green day” diet, consisting of 15 
grams of carbohy drates, 20 grams of fat and 25 grams of protein These patients 
following a “ladder diet,” eventually tolerate as much as 150 grams carbohydrates 
Clinical signs and symptoms may or may not be present In the absence oi a 
previous restriction of diet the unne contains no acetone bodies 

3 Moderate The glycosuria is persistent throughout the day Acetone 
bodies are found in the unne m the absence of previous restriction m diet Clinical 
signs and symptoms are more pronounced The unne become* sugar free lol- 
lowing 3 to 4 “green” days The final diet contains at least 50 grams of carbo- 
hydrates, 150 grams of fat, and 50 grams of protem 

No insulin is required to maintain the ayerage weight for the height. 

4 Severe The patient does not become sugar free after 4 “green day* ” 
Acetone bodies in the unne are marked The clinical symptoms are still more 
pronounced Glycosuna persists throughout the “ladder” penod, while the diet 
is approaching the basal requirements Insulin is necessary with the final diet, 
to maintain the average weight for the height of the individual 

LABORATORY TECHXIQUE 

All tests w ere performed m the morning The respiratory quotient 
and basal metabolic rate were first obtained m the post-absorptn e 
state, and atter half an hour of complete muscular rest Blood and 
unne specimens were then taken The dose of glucose (dissohed m 
150 cc of water and flay oured with lemon juice) as indicated in. the 
tables, was then giyen The respiration experiments were of 10 
minutes duration each, and commenced at such a time so that each 
penod ended at the time recorded in any giyen case, nameh 30 
minutes, 60 minutes, 1 hour, 2 hours etc following the ingestion of 
glucose Blood and unne specimen were obtained at the end oi each 
respiratory expenment The Tissot gasometer and Haldane gas 
analysis apparatus yycre used All gas analyses were made m dupli- 
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cate by the same individual (E V B ) All blood and urine estima- 
tions were made by the same individual (ABF) For the blood 
sugars the modified Myers-Benedict method was used Urine sugars 
were estimated by the Benedict-Osterberg procedure after suitably 
diluting the specimens 


CALCULATIONS 

In the cases of renal glycosuria, very mild — mild, and in some moder- 
ate cases of diabetes, a constant protein metabolism was assumed (15 
per cent of the total) On this basis the non-protem respiratory quo- 
tients were calculated In some moderate cases and m the severe type 
of diabetes associated with abnormal metabolism, nitrogen deter- 
minations were made by the Kjeldahl method, and thus non-protem 
respiratory quotients were obtamed From the non-protem respira- 
tory quotient and the metabolic rate the calculations for the utiliza- 
tion of the carbohydrate were made in the usual manner The non- 
protem calories, assumed to be derived from the carbohydrates and 
fats, were apportioned according to the Zuntz-Schumberg Tables as 
modified by Williams, Riche and Lusk (11) The results are recorded 
in the accompanying tables No alterations were made m the calcu- 
lations where the respiratory quotients were greater than 1 0 or less 
than 0 70 In the former case, carbohydrate, and m the latter, fat 
oxidation, was assumed to be the only factor influencing the respiratory 
quotients 

DISCUSSION 

The detailed data obtained from the cases of renal glycosuria are 
recorded in table 1 The average increment in carbon dioxide produc- 
tion was 26 4 per cent, m oxygen consumption 9 6 per cent, in heat 
production 13 per cent, and m the respiratory quotient Oil These 
data approximate very closely those obtained by Benedict and Car- 
penter on normal individuals The average amount of glucose oxi- 
dized per hour for the first 2 hours was 11 99 grams This also 
approximates very closely that recorded by Finley and Rabinowitch 
m one case of renal glycosuria (3) and other unpublished data obtamed 
m normal individuals m this laboratory The above data therefore, 
further strengthen the view that the glycosuria in this condition results 
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from an undue permeability of the kidneys, the functions of oxidation 
and storage, unlike these m true diabetes, remaining unimpaired In 


TABLE 1 

Simultaneous respiratory exchange and blood sugar time cunes in cases of renal ghcosurta 



one case (no 5) there was noted a fall m the total respiratory quotient 
as late as 1 hour after the ingestion of glucose and all the non-protcin 
respirator, quotients were belon 0 70 It is thus assumed that no 
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carbohydrate was being oxidized during the period of investigation 
This case is of particular interest The fall m the respiratory quotient 
and the absence of oxidation of glucose may be attributed to the fact 
that the patient was in a state of carbohydrate starvation at the time of 
tire test Because glycosuria was found, the patient was apprehensive 
of Ins condition, and lived on a low carbohydrate diet for weeks prior 
to the test The importance of recognizing this phenomenon in the 
interpretation of the results of blood sugar time curves in diabetes 
will be discussed later 

In table 2 are recorded the detailed data from the different types of 
cases of diabetes, very mild, mild, moderate and severe Since the 
data of the individual subjects are so at variance with one another and 
the cases differed clinically, a study of average results would appear to 
be of little value It will be noted that in all the cases the rate of 
utilization of glucose (grams m 2 hours) , was much below the average 
found for normal individuals There u as, however, no perfect corre- 
lation between the rate of utilization and the seventy of disease An 
explanation of this is suggested m the following discussion 

In the majority of cases recorded m the literature no rise m the 
respiratory quotient is noted following the ingestion of glucose This 
is naturally attributed to the inability of the diabetic to tolerate car- 
bohydrates It might be pointed out that no rise in the respiratory 
quotient may indicate defective oxidation It does not, however, 
necessarily follow that there is also defective storage Tolerance for 
carbohydrates includes both oxidation and storage In the cases 
recorded here three different types of reactions to glucose ingestion, 
manifested in the respiratory quotient, are noted, namely, (a) no 
response, ( b ) an increment, and (c) an initial decrement followed by an 
increment 

All the respiratory quotient curves and their corresponding blood 
sugar curves are recorded in table 3 This is done with the object of 
correlation Unexpected results were found It wall be noted that 
as late as at the end of one hour in the very mild (no 6), m one mild 
(no 7), and in two moderate (nos 9 and 10) cases, there was an initial 
decrement m the respiratory quotient On the other hand, in two of 
the three severe cases (nos 14 and 15), a definite increment was noted 
In both of the latter cases the heat production had also increased 
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TABLE 2 


Simultaneous respirator', exchange and hlood sugar time cur~cs in eases of diabetes mcUititS 
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TABLE 2— Continued 


<L> 

§ 

H 

Oi per hour 

COr per hour 

Total R Q 

Nitrogen per hour 

Non protein R Q 

Calories per hour 

Carbohjdrate 
per hour 

Blood sugar 

Remarks 

minutes 

liters 

liters 





grams 

per cent 


Basal 

30 

10 60 

7 36 




49 7 

0 

0 175 
0 263 

No 12 Moderate type, 50 
grams glucose 

60 

10 61 





49 9 

0 158 

0 312 


120 

ISO 





0 745 

52 6 

1 11 

0 357 
0 277 


Basal 

30 

14 84 





70 0 

0 76 

0 104 
0 212 

No 13 Moderate type, 50 
grams glucose 

60 

17 23 

14 88 

0 864 

0 512 

0 878 


11 27 

0 147 


120 

180 

15 83 

13 47 

0 851 

0 469 



10 47 

0 076 
0 05? 


Basal 

30 

11 91 

8 53 

0 716 

0 341 

0 698 

55 9 

0 

if 

No 14 Severe type 25 
grams glucose, unne — 

60 


9 53 

0 762 

0 362 

0 753 

59 4 

2 01 


sugar and diacetic aci3 at 

120 

180 

12 40 

9 29 

0 749 

0 317 

0 738 

58 8 

1 57 

HI 

time of test 

Basal 

30 


7 62 


0 315 

0 667 

51 7 

0 

B 

No 15 Severe type, 25 
grains glucose, unne — 

60 

11 90 

8 96 


0 343 

0 742 

56 4 

1 47 

0 284 

sugar and diacetic acid at 

120 

180 

12 28 


■ 

0 360 

0 718 

57 9 

0 62 

H 

time of test 

Basal 

30 

12 90 

9 25 

■ 

0 369 



0 

m 

No 16 25 grams glucose, 
severe type, unne — sugar 

60 

EEllS 



0 374 


61 4 

0 

III * 

and diacetic acid at tune of 

120 

180 

13 18 

9 38 

0 712 

0 377 


61 8 

0 

S 

test 


The subjects with severe diabetes were apparently oxidizing glucose, 
but m spite of this the blood sugars were increasing It appears 
reasonable therefore, that the hyperglycaenna was due chiefly to defec- 
tive storage McCann and Hannon (11) m a study of the respiratory 
exchange alone, obtained similar results, and offered an explanation of 
this phenomenon The data obtained m the cases recorded here, by 
a simultaneous study of the respiratory exchange and blood sugar, 
strengthen that viev 
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There appear to be two different types of diabetics, namely, those 
who can store more rcadih than oxidize and those w ho can oxidize more 
readily than the\ can store To the former group appears to belong the 
less se\ ere tvpc of the disease It wall be noted that the fall m the 
respirator} quotient it as noted m the \ery mild, mild and moderate 
cases The le\ el to w hich the respirator} quotient maj fall is str ikin g 
That such low quotients arc no index of se\ent} of the disease is 
further suggested from the fact that Benedict and Carpenter (8) 


TABLE 3 

Surrmar\ of respirator y ouoUcnl and blood sugar data 


Case 

Respirator} quotients 


Blood per cent 


Remarks 

ber 

Basal 

60 

120 1 

Basal ; 

30 

60 

120 

ISO 

i 

0 716 

0 814 

0 840, 

0 119 

0 166 

0 111 

0 125 

0 087 

Renal glycosuria 

2 

0 769 

0 917 

0 909 

0 094 

0 144 

0 102 

0 119 

0 06S 


3 

0 704 

0 874 

0 S70 

0 103 

0 10S 

0 161 

0 120 

0 096 


4 

0 712 

0 790 

0 817 

0 074 

0 154 

0 159 

0 099, 

0 077 


5 

0 732 

0 709 

0 78S 

0 077 

0 123 

0 090 

0 100 

0 0S5 


6 

0 732 

0 6S4 

0 726 

0 125 

0 133 

0 137 

0 105, 

0 100 

\ cry mild diabetic 

7 

0 80S 

0 875 

0 864 

0 127 

0 176 

0 238 

0 312I 

0 344 

Alfld diabetic 

8 

0 6S9 

0 676 

0 727 

0 116 

0 178 

0 196 

0 256; 

0 250 


9 

0 747 

0 674 

0 732 

0 196 

0 228 

0 254 

0 252 

0 250 

Moderate 

10 

0 784 

0 724 

0 736 

0 118 

0 184 

0 207 

0 156 

0 137 


11 

0 661 

0 728 

0 695 

0 164 

0 250 

0 24S 

(?) 

0 232 


12 

0 696 

0 725 

0 756 

0 175 

0 263 

0 312 

0 357 

0 277 


13 

0 735i 

0 864 

0 S51 

0 1044 

0 212 

! 0 147 

0 076 

(?) 


14 

0 716 

0 762 

0 749 

0 200 

0 316 

0 324 

0 320 

0 323 

Se\ ere 

15 

0 69ll 

0 753 

0 733 

0 204 

0 256 

0 284 

0 276 

0 278 


16 

0 717 

0 720 

0 712 

0 210 

0 264 

0 278 

0 302 

0 300 


17 

0 855 

0 941 

1 01 

0 103 

0 133 

0 158 

0 107 

0 104 

Pituitar} disease, gl> - 
cosuna 

18 

0 727 

0 828; 

0 767 

0 100 

! 0 OSS 

0 111 

0 0S3 

0 095 



found such a decrease (0 70 to 0 67) m a normal individual (B M K ) 
following the ingestion of 100 grams dextrose, and McCann (13) noted 
such a decrease (0 72 to 0 68) m a normal individual after protem 
ingestion 

On the whole, no perfect correlation is noted between the respira- 
tory quotient and blood sugar cur\ es This is to be expected The 
type of respiratiry quotient curve obtained depends upon the charac- 
ter of the reaction to glucose ingestion, namely, storage or oxidation 
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TRED M SMITH, G II MILLI R vvd \ C GR VBLR 

( From the Diparlmtnts of Internal Medicine Plnsio'os\ and PI armacolog'. , State 

L n~crsit\ of Io^a) 

(Received for publication Juh 13, 1925) 

INTRODtCTION 

The results of the m\ estigation of the action ot caffein, theobronun 
and theophylhn on the coronary artenes tan considerably with the 
different obser\ ers Hedbom (1) employing the Langendorf method, 
produced an increase in coronary flov which, in some instances was 
said to be great with caffein in concentrations of 1-20 000 Loeb 
(2) on the other hand observed ven httle increase in the coronary 
output following the administration ol caffein whereas theobromin 
greatly augmented the rate of perfusion Heathcote (3) working 
with solutions of caffein theobromin and theophylhn in concentra- 
tions ranging from 1-2 000 to 1-40 000 obtained a marked increase 
in rate of coronary flow with the higher concentrations, whereas m 
dilutions of 1-20 000 and 1—40 000 caffein produced no change, theo- 
bromin i ery slight and theophy lhn 20 to 30 per cent increase Sakai 
and Saneyoshi (4), from experiments on the intact heart of the cat in 
which they^ employ ed the Alorovitz-Zahn cannula concluded that the 
increase in the coronary output which they observed following the 
injection of caffein sodio-benzoate could satisfactorily be explained on 
the basis of the elevation in blood pressure These investigators 
reported a slight decrease m the coronary flow w ith small doses of theo- 
bromin sodio-sahcydate, whereas, when large doses of the drug were 

Read before The Amencan Soaetv for Clinical Inv estigation at W ashington, 
D c . Afav 4, 1925 
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introduced, there was a drop in blood piessure associated with a 
marked augmentation of the flow through the coronary arteries 

Guggenlieimer and Sassa (5) ha\ e more recently checked the action 
of caftein, theophyllm and cuphyllm on the coronary arteries of the 
isolated heart of the cat Caficm m a dilution of 1-25,000 increased 
the rate of coronary flow 41 per cent Theophyllm and euphylhn, 
in similar concentrations, produced a 40 and 80 per cent increase, 
respectively They attributed the change in the rate of the flow of 
the perfusate after caftein and theophyllm to the acceleration of cardiac 
rate and pointed out that euphylhn did not ele\ ate heart rate more 
than 10 per cent The latter drug, which is a combination — 80 per 
cent theophyllm and 20 per cent ethylenediamine, was recommended 
therapeutically in coronary artery disease because of its marked dilat- 
ing action 

The object of the present m\ estigation was to substantiate, if pos- 
sible, the claims made by Guggenheimer and Sassa (5) for euphjdlin 
and to compare the action of this drug with that of caffem sodio- 
benzoate, theobromin sodio-salicylate and theophyllm in experi- 
ments m which the cardiac rate was controlled 

METHODS 

The isolated heart of die rabbit was employed The rabbit was hilled in die 
usual manner, the chest quickly opened, the heart removed and placed m a basm 
containing Loche-Ringer solution The blood was carefully washed from the left 
ventricular cavity in order that it might not coagulate, and bits of coagulum later 
be thrown into the coronary circulation A cannula was then introduced into the 
aorta, and the heart perfused at a pressure of 55 mm Hg with a Loche-Ringer 
solution saturated with oxygen The temperature of the perfusate was maintained 
at a constant level of 100° by a series of coils passing through a water bath The 
control temperature was registered by a thermometer introduced into the cannula 
connecting direedy with the aorta 

The rate of the coronary flow was determined by allowing the fluid which 
escaped from the heart to pass through a small funnel into a tipping bucket, the 
emptying of which was automatically registered on a kymograph It is recognised 
diat this method of measuring the coronarj flow' does not take into consideration 
the possibility of leakage through the aortic valves This feature was, however, 
carefully investigated in a senes of experiments 2 and found to be negligible 


3 In a series of experiments a cannula was placed in the pulmonary artery The 
return of the perfusate to the right heart w'as thus separated from any that might 
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The cardiac rite and amplitude were registered by means of a lever connected 
to the apex In the records, the upMroI e represents the cardiac contraction and 
the down stroke relaxation 

The concentration of the drug employed vaned from 1-25,000 to 1-50, 000 5 
which was estimated to be within the range of the concentration obtained in the 
blood in man following the administration of a therapeutic dose The drug was 
not administered until the cardiac rate, amplitude of contraction and the coronary 
flow assumed a uniform level In each instance the condition of the heart 
remained satisfactory throughout the experiment The results were discarded m 
those experiments in which the heart failed to return to a satisfactory condition 
from the standpoint of amplitude of contraction and rate of coronary flow fol- 
lowing the discontinuation of the drug 

In those instances in which there was an increase in heart rate from the action 
of the drug, the cause of the increased coronary flow was v enfied bv experiments 
m which a uniform cardiac rate was maintained by rhv thmically induced break 
shocks The rhy thmical stimulation of the heart was produced bv an oscillating 
contact maker, employing the principle of the tuning fork, which was connected 
with an ordinary induction coik The rate of stimulation used was alwavs well 
abov e that produced by the action of the drug on the heart with normal mechan- 
ism. In most instances the rate employ ed was 224 per minute 

RESULTS 

Caffetn sodio-benzoate in concentration of 1-25,000 solution had 
little or no effect on the cardiac rate, amplitude of contraction and 
coronary flow (fig 1) 

Theobromin sodio-sahcydate in dilution of 1-25,000 m most 
instances produced no change, or even decreased the coronary' flow 
(fig 2) In one instance in which 1-12,500 concentration was 
employed there was 17 6 per cent reduction m the rate of perfusion. 
When, however, the concentration of 1-50,000 was used, the rate of 
flow was slightly accelerated In two instances the percentage of 
increase was 25 and 28 per cent, respectively' Theobromin sodio- 
salicylate in either of the above concentrations apparently had no 

leak past the aortic valves or return directly into the left ventricle from the cor- 
onary arculauon The sam e feature was rav estigated by ligating the pulmonarv 
veins and inserting a cannula in the tip of the left auricle. In both instances the 
amount of perfusate which passed from the left heart was negligible. 

3 4. dilution of 1-50,000 was estimated to correspond to a dose in man of 1.5— 
2.5 grams, depending on the size of the individual, a dilution of 1-25,000 to a dose 
3-5 grams and a diluUon of 1-12,500 to a dose of 6-10 grams 
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E1TECT OF DRUGS ON CORONARY FLOW 




in all of the figures 1 , represents cardiac contractions, 2 , coronary flow in which each registration equals 2 cc , 3 , time 
3-second intervals, 4 , administration of drug, 5, the drug discontinued 
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effect on the cardiac rate In some instances the amplitude of cardiac 
contraction Mas diminished b\ the drug, associated m ith some increase 
in tone (fig 2, b) 

Theophvlbn in concentration o! 1 25 000 and 1-50,000 increased 
the rate of coronarx Hom from 20 to 45 per cent (fig 3) In some ot 
the experiments there Mas an acceleration in cardiac rate ot approxi- 
matel} 20 beats to the minute In one instance in Mhich a 44 per cent 
increase in the rate of the Hom of the perfusate m as obsen ed, there M-as 




H - r 5-f 

Tig 2 Theobpoitln Sodio salicylate 


a, dduUon 1-25,000 Increase in coronan flow 4 per cent b, dilution 1-50,000 
Increase m flow 15 per cent. 

no acceleration of cardiac rate and no increase Mhatexer in ampbtude 
of contraction In a few experiments an increase in amplitude of the 
contraction Mas observed shortlj following the introduction of the 
drug (fig 3, c) This feature was negligible in those instances in which 
the heart m as driven b} rhythmically induced break shocks (fig 3 a) 
In these experiments in which a constant heart rate was maintained 
the influence of the drug on the rate of coronary Aom was approxi- 
mately the same as in those in Mhich a normal cardiac mechanism 
prevailed (fig 3, a and c) 
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Euphyllin m dilutions of 1-25,000 and 1-50,000 increased the rate 
of coronary flow from 40 to 90 per cent The drug, in addition, pro- 
duced a distinct increase in amplitude of the cardiac contractions for 
a short time following the administration and accelerated the rate from 
20 to 30 beats per minute (fig 4, b and c) The increase in the rate of 
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Fig 3 Theophyllin 

a, dilution 1-50,000 Increase in coronary flow 27 per cent (Driven heart ) 
b, dilution 1-25,000 ' Increase in coronary flow 42 per cent 
c, dilution 1-50,000 Increase m coronary flow 28 per cent 

the flow of the perfusate was, however, independent of the accelera- 
tion m cardiac rate, for practically the same degree of dilating action 
was observed in those experiments in which the cardiac rate was con- 
trolled by electrical stimulation (fig 4, a ) 

In this series of experiments an attempt was made to control, as 
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far as possible those factors w hich might influence the rate of coronar\ 
flow It is felt that the changes obsened in the flow of the perfusate 
ma\ in a large measure be attributed to the action of the drug on the 
coronan \esscls 

The action ot thcophjllin and euph\llm was ven striking, whereas 
that of caflein sodio-bcn7oatc and theobromm sodio-sahc\late was 
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Fig 4 Ecfhyu.es 

a, dilution 1-25,000 Increase coronar> flow 60 per cent (Dmen heart.) 
f>, dilution 1-25,000 Increase in coronan flow 40 per cent c, dilution 1-25,000 
Increase m coronary flow 46 per cent 

negligible The effect of euph}lhn was definite!} greater than that ol 
thcophilhn These two drugs, in addition to their effect on the flow 
of the perfusate exerted a beneficial action on the heart This fea- 
ture was not obsened following the administration of caffern sodio- 
benzoate or theobromm sodio-salic} late It is to be recalled that the 
latter drugs, in concentrations of 1-25,000 and e\en more marked in 
concentration of 1-12,500, definite!} depressed the action of the heart 



m 


r.ULU 07 DRUGS ON CORONARY HOW 


The results obtained m l his senes of experiments from the stand- 
point ot the action ol thcophyllin and euphylhn on the rate 0 / coronary 
flow compare x ci y fax orably with those reported by Guggenheimer and 
Sassa It is to lie recalled that they employed similar concentrations 
of the drug and obsened 40 per cent increase in the rate of perfusion 
with thcophyllin and SO per cent with euphylhn These authors 
attributed the augmentation of the rate of the perfusion following the 
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Fig 5 Nitroglxcerin 

Dilution 1-400,000 injected at rate estimated to give concentration of 1- 
4,000,000 m coronary artery This calculated to approximate therapeutic dose 
in man of x J 0 grain 

a, increase coronary flow 56 per cent b, increase coronary flow 43 per cent 

administration of theophyllin to the acceleration of the heart rate and 
the increase in the amplitude of the cardiac contraction In the pres- 
ent experiments the acceleration of the heart rate by theophyllin was 
not a prominent feature It will be recalled that in one instance in 
which a 44 per cent increase in the rate of coronary flow w-as observed, 
the heart rate and amplitude of contraction remained constant 
Furthermore, in those experiments in which the heart rate was con- 
trolled, practically the same degree of augmentation of the rate of 
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perfusion n as obtained after the introduction of theophy llin Luphy 1- 

lin had a somewhat greater tendency to accelerate the cardiac rate 
The increase in the rate of perfusion nas honeier, for the most part 
independent of this feature as shown in those experiments in which a 
constant heart rate nas maintained by electrical stimulation 
In a fen* experiments, the spirit of nitroglycerin m ddutions of 
1-400,000 and l-SOO.OOO 4 nas employed m order that the action of 
this drug on the coronary arteries might be compared with that of 
euphyllm Nitrogely cenn in the abo\ e dilutions augmented the 
rate of perfusion from 40 to SO per cent, nhich, as will be recalled, 
corresponds faxorably mth that produced by euphyllm The two 
drugs produced about the same acceleration in cardiac rate Nitro- 
glycerin, howeter, caused a more striking increase in amplitude of 
cardiac contraction nhich was maintained for some time after the 
action of the drug on the rate of perfusion had subsided 
The action of theobromm and theoph} 11m on the coronary \ essels 
obsened in the present lm estimation nas similar to that reported by 
Heathcote in those instances in which corresponding concentrations of 
the drugs were employ ed A much greater increase in the coronary 
output was, honever, noted by Heathcote when higher concentrations 
of these drugs were used In some instances the concentrations of the 
drugs mtroduced were as great as 1-2000 In these experiments the 
great increase in rate of perfusion n as probably due to tome action of 
the drug on the heart Furthermore, it is possible that the change in 
h) drogen-ion concentration produced by high concentrations of the 
drug might hat e been a definite factor m producing the marked in- 
crease in coronary flow 6 

CONCLUSION'S 

Cafiein sodio-benzoate m concentrations of 1-25,000 has little or no 
effect on the cardiac rate, amplitude of contraction and coronary flow 
in the perfused heart of the rabbit 

■* This concentration nas calculated to be comparable to a therapeutic dose of 
Ton gram m man 

5 In an experiment in nhich the influence of change m the b>drogen-ion concen- 
tration on rate of coronary flow was lm estigated, a decrease in pH from 7 6S to 
'-38 increased the coronary flow 7 pier cent When the pH was reduced from 7 6S 
to 7 the coronary flow was augmented 80 per cent 
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eitect or drugs on coronary flow 


Theobromin soclio-salicylate in concentrations of 1-25,000 produces 
no change in rate of coronary flow In higher concentrations, as 
1-12,500, the rate of perfusion was decreased The drug apparently 
had no effect on cardiac rate In some instances the amplitude of 
contraction w r as diminished 

Theophyllin in concentrations of 1-25,000 and 1-50,000 augments 
the coronary flow from 20 to 45 per cent The acceleration of the 
cardiac rate by the drug is not a prominent feature The greatest 
increase in coronary flow r w r as produced by the drug wdien there w r as no 
change in cardiac rate 

Eupliyllin in above concentrations increased the rate of perfusion 
from 40 to 90 per cent Euphyllin has a somewhat greater tendency 
to accelerate cardiac rate than theophyllin With both drugs, how- 
ever, the increase in coronary output w r as independent o f the accelerat- 
ing action on the heart, as was indicated by experiments in which a 
uniform cardiac rate was maintained by rhvthmical stimulation 
The action of euphyllin on the coronary flow' compares favorably 
with that of nitroglycerin when comparable concentrations of the 
drugs are introduced into the perfusate 
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INTRODUCTION- 

In the first artide of this senes (1) a method for the determination 
of the total acid-base equilibnum of serum was presented together 
with certain studies of the electrolyte equilibna of healthy persons 
under lanous circumstances and of hospital patients who presented 
miscellaneous conditions that disturbed the electrolyte equilibrium 
of the blood The most important point estabkshed by these studies 
was the fact that the organism responds to the production of abnormal 
amounts of acids of vanous kinds or the reduction of bicarbonate by 
a transfer of water, chlonde or base from the tissues to the blood or 
vice versa Reduction of the plasma chlonde by this means liberates 
base for combination with other acids and, therefore, tends to reduce 
acidosis, whde an increase of chlonde has the opposite effect A 
transfer of chlonde in one direction is equivalent to a movement of 
base in the opposite direction The whole mechanism confers on the 
blood a greater ability to resist the disturbing effects of conditions that 
alter electrolyte equilibnum by rendenng the and and base stores 
of the tissues a\ ailable where and when they are most needed The 
reactions involved must be quite comparable to those which ha\ e long 
been known to occur betu een the cells and the plasma in response to 
similar chemical disturbances They may occur with such rapidity 
as to produce recognizable differences m the composition of artenal 
and i enous blood and then ability to absorb, transport and dissociate 
carbon dioxide and oxygen 
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I 

2 

3 

4 

5 

Ca'c 

number 

Hospital 

number 

Date 

Otjpcn 

capacity 

Cell 

\o!umc 

Ratio ol 
column 
1 to 
column 

Proteins 

COi 




mis 

per cent 

rots 

per cenl 


per cenl 

?ols 

# percent 

51 

22350 

No\ ember 19, 1923 

20 1 



8 02 

13 5 



No\ ember 20, 1923 

20 1 



7 45 

33 7 



November 21, 1923 

17 0 



5 94 

47 8 



No\ ember 27, 1923 

16 9 



6 24 

73 8 



December 17, 1923 

16 7 



6 73 

67 4 



September 6, 1924 





19 0 



September 7, 1924 




5 06s 

26 7 



September 8, 1924 




3 22s 

47 0 



September 10, 1924 




4 75s 

28 0 



September 16, 1924 




6 70s 

59 8 



September 24, 1924 

16 5 

37 6 

43 9 

6 14s 

57 7 



October 7, 1924 

16 5 

40 9 

40 4 

6 9Ss 

65 1 

52 

29176 

February 9, 1924 

18 9 

40 6 

46 6 

6 95 

20 8 



February 10, 1924 

16 7 

36 8 

45 1 

6 37 

38 3 



March 5, 1924 

14 8 

34 2 

43 3 

6 23 

66 2 



November 10, 1924, 2 pm 

20 8 

58 2 

35 7 

7 74s 

14 5 



November 10 1924, 10 pm 

20 5 

51 2 

40 0 

7 60s 

19 5 



November 11, 1924 

20 3 

4S 4 

41 8 

6 90s 

43 1 



November 13, 1924 

16 9 

43 8 

38 6 

6 55s 

55 6 

53 

26416 

March 26, 1924 

20 4 

44 3 

46 1 

6 37 

56 9 



March 31, 1924 

19 2 

42 5 

45 2 

6 20 

64 0 



March 22, 1925 

20 0 

48 5 

41 2 

7 43s 

7 6 



March 24, 1925 

20 1 

46 2 

43 5 

7 40s 

43 0 



March 27, 1924 1 

15 4 

37 7 ( 

40 9 

6 03s 

51 7 



. _ . 







chloride after the administration of glucose that support such a theory 
One of the authors 3 several years ago attempted to establish a similar 
relation between blood sugar and plasma chlorides unsuccessfully In 
certain experiments reciprocal variations of the two elements were 
observed, but this effect could not be produced consistently The 

3 Peters, J P Unpublished experiments 
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administration of large amounts of glucose causes such a vanetj of 
changes m the metabolism and the composition of blood that a study 
of something more than the chlorides is necessary before one can dis- 
cuss osmotic equilibrium Although total base is not in any sense a 
measure of the osmotic pressure of the blood, it does offer an estimate 
of the fraction of the total osmotic pressure contributed b> the electro- 
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lytes If the electrolytes compensate for the accumulation of non- 
electrolytic osmotically active substances such as glucose, one would 
e\pect to find some evidence of such a mechanism in diabetic patients 
with high blood sugar On the contrary, in the cases of our series 
with hyperglycemia, but without ketosis, the level of base is high 
rather than low In some cases, to be sure, such as 13 and 17 base 
and glucose change in opposite directions On the other hand, in 14 
base remains unchanged as the blood sugar falls and in 21 base falls 
to a surprising extent while the level of glycemia remains entirely 
unaltered 

Examination of the different acids in the 10 cases in which they were 
studied shows, with two exceptions, a rather high total acid level, 
which is due usually to an elevation of chloride (the high C0 2 of 5 
followed the administration of salicylates and sodium bicarbonate) 

Although the general trend of both acid and base figures is towards ' 
high rather than low values, there are several exceptions to the rule so 
striking that generalizations concerning the character of the electro- 
lyte picture of diabetes seem hardly warranted If one examines the 
protocols of these patients which are presented in brief below, one can 
hardly be surprised that such variations are encountered The aver- 
age diabetic patient who enters a general hospital does so not because 
he has diabetes, but because of some concomitant condition which has 
usually aggravated the diabetes The effect of these conditions 
must be taken into account m any analysis of blood chemistry 
Further than this the manifestations of uncomplicated diabetes are 
variable Diuresis or polyuria and other symptoms do not always 
bear a constant relation to the disorder of carbohydrate metabolism 
This is well illustrated by the findings in 12 Proteins and chloride 
were both low in this case although there was nothing peculiar m the 
clinical picture Careful study of the clinical notes revealed the fact 
that on the day the blood was taken she developed a striking diuresis 
that continued for 3 days 

Cases 22 to 26 represent 5 observations on patients with uncompli- 
cated diabetes of a severe type with marked ketosis, but without any 
dyspnea and without any considerable reduction of plasma C0 2 
To these may be added the first two observations of 54, the last case 
in the table The dissociation of acidosis and ketosis has long been 
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recognized Ketonuna mthout reduction of the alkaline resen. e is 
not uncommon in patients ruth moderately sex ere, uncomphcated 
diabetes Y Henderson (15) indeed uses this as an argument agamst 
the current theory of diabetic acidosis xxhich presumes that the base 
which neutralizes ketone acids m the blood is dem ed from bicarbonate 
He says “if lactic acid or any other strong acid is added to blood, most 
of the alkali which neutralizes it is drawn from the hemoglobin alkali 
resene, and it causes, therefore, only a xery sbght decrease m the 
plasma bicarbonates ” It has already been shown f 1) that m the 
case of the lactic acid of exercise, to which Henderson is especially 
referring in this sentence, most of the alkali which neutralizes the 
foreign acid is dem ed not from the hemoglobin, but from the tissues 
In this case, howe\ er, the body is dealing with an acid that can be 
and usually is oxidized The provision of alkab from the tissues does 
not, therefore, ultimately, lead to any appreciable depletion ol the 
base stores of the organism The acidosis of diabetes, on the other 
hand, is due to the accumulation of acids which the bod}* can not de- 
stroy and which can only be disposed of through the kidneys in com- 
bination with a certain amount of base From the diminution of the 
chlorides exhibited by these patients it w ould appear that in conditions 
of more or less chronic ketosis these acids were able to spare bicar- 
bonate, robbing chloride of its base instead This not only presemes 
the bicarbonate, but also prex ents a change of blood pH 
On the other hand it may be that the chloride recession is only a 
means of maintaining a fixed lex el of base and a constant electrolytic 
concentration From these experiments alone it is impossible to 
decide between these alternative possibilities because there are no 
simultaneous determinations of acid and base In the case m which 
base was determined it proxed to be quite low In this instance, 
certainly, the electrolytic fraction of the osmotic pressure was low 
Whatex'er may be the mechanism which determines the depression 
of chloride, the base which neutralized the bicarbonate was certainly 
not de raxed, as Henderson suggests, from the hemoglobin The base 
combined with hemoglobin is, as Van Sly he, Wu and McLean ( 3 ) 
haxe shown, determined by the pH and the concentration of hemo- 
globin m the cells The pH of the cells bears a definite relation to 
that of the plasma The latter, m these cases is normal as is the height 
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of the carbon dioxide absorption curve The amount of base com- 
bined with hemoglobin was also, then, presumably normal because 
it is inconceivable on theoretical grounds that the carbon dioxide and 
pH of the cells could have been reduced without affecting the plasma 
That there may be no possible doubt about the matter, however, it 
may be mentioned that the whole bloods of 24, 25 and 26 were also 
analyzed for C0 2 The relation between the C0 2 of cells and plasma 
was in each case quite normal 

The majority of the cases in the table from 27 on demonstrate quite 
conclusively the point made above, that in estimating the cause of 
changes in the metabolic or chemical picture of diabetic patients due 
attention must be given to the associated pathologic conditions 
Clinical knowledge of diabetes would be measurably advanced if case 
reports and studies contained more details regarding the clinical con- 
dition of patients, even at the expense of metabolism data This 
senes of cases gives a fairly representative idea of the type of conditions 
which the severe diabetics in a general hospital present There has 
been much discussion of Bock, Field and Adair’s (16) discovery of 
organic acids other than ketone acids in diabetic patients There is 
no reason to consider this as extraordinary unless it can be proved 
that these acids were produced as the result of the metabolic disorder 
of diabetes itself This they did not prove Case 4 of their senes 
presented symptoms not usually encountered in uncomplicated 
diabetes and a well marked elevation of temperature In our ex- 
penence diabetic acidosis and coma may be taken as presumptive 
evidences of some infection or other pathologic condition and are 
seldom, if ever, as is generally taught, entirely the result of mis- 
management or dietary indiscretions The latter bring their own 
uncomfortable rewards of a different kind and may, to be sure, greatly 
intensify the harmful effects of any accident or infection Often 
enough the infection is so slight that it is overlooked or neglected 
Case 44 shows what even a slight cold may do to a diabetic patient 
who observed dietary regulations at all times with meticulous care 
On two occasions a mdd coryza precipitated severe ketosis and acidosis 
and brought him to the hospital on the verge of coma 

Cases 27 to 32 demonstrate that low chlorides are often observed 
in diabetic patients without ketosis and m the presence of a normal 
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alkaline rescr\e This docs not mean that the reductions noted in 
the previous group max not hax e been at least in part, due to ketosis 
Some light is thrown on this question h\ the contrast between 30 and 
31 On both txvo obserx ations x\ ere made one at the time of admis- 
sion when there was an extreme hyperglx cemia and glycosuria, the 
second when both hyperglx cemia and glx cosuna had been reduced bx* 
treatment Case 31 also had sex ere ketosis at the time of his first 
examination, while 30 showed no kctonuna The total acid con- 
centration of the latter remained unaltered after treatment, while 
that of 31 increased, presumably to satisfx the base freed by the com- 
bustion of organic acid 

The mechanism of the acid increase is interesting As chloride had 
been largely responsible for the original low acid lex el, one would 
naturallj hax e expected chloride to plax the major part m the restora- 
tion of equilibrium On the contrarx chloride instead of going up 
fell further, while bicarbonate rose to an excessix elx high point This 
tendency for bicarbonate to oxershoot the mark m the recox erx from 
acidosis was first pointed out by one of the authors (17) in 1917 and 
has since been confirmed by Stillman Van Six he, Cullen and Fitz 
(18), Cullen and Jonas (27) and Bock Field and Adair (16) The 
latter hax e, furthermore, found that this nse of bicarbonate results m 
shifting the pH somewhat to the alkaline side of normal It had 
already been shown by Peters (17) and by Stillman et al (181 that the 
alxeolar CO; under these conditions remained relatix ely low, which m 
itself was an indication that such a shift of pH must occur 

A possible explanation of this phenomenon is offered by these ex- 
periments The low base of cases 23 and 32 and the general low lex el 
of total acid and chlorides ex en when there is no ketosis and therefore, 
in all probability , no great excess of organic acid, intimates that the 
blood, at least, is deficient m both chloride and base It is, perhaps, 
adxancmg too far to suggest that this deficiency m the blood may 
refiect a similar depletion of the tissues If such a depletion does 
east, howex er, it is not impossible that it has its origin in an excessive 
excretion of chloride From the standpomt of the blood alone, in any 
case, chloride does not appear to be axailable to replace the base 
released by the combustion of the ketone acids Carbon dioxide 
has, therefore to bear the whole load CO; is, howex er, rendered 
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available only as it is produced in the metabolism and excretion usually 
follows production part passu The rapid seizure of carbon dioxide 
by the newly liberated base reduces the tension of free carbon dioxide 
and consequently the pulmonary carbon dioxide excretion, and causes 
the pH of the blood to rise 

It there is a depletion of the chloride and base stores of the body 
this depletion is not a direct result of ketosis because it is encountered 
when ketonuna is absent Furthermore, there is no reason to suppose 
that the excretion of ketone acids, which m themselves abstract base 
from the tissues, would provoke a chloride diuresis which could only 
withdraw further base at a time when it is most urgently reqmred 
Diabetic polyuria may lead to the excretion of excessive chloride 
Unfortunately no opportunity to study the inorganic metabolism 
of these patients during the development of the acute condition is 
afforded, especially since in insulin such an efficient weapon has been 
provided against all the misfortunes of diabetes Serious diuresis 
seldom survives efficient insulin therapy long The comparatively 
low chloride, protein and total acid of 12, mentioned above, which 
coincided with the institution of a secondary polyuria would be readily 
explamed if diabetic polyuria is associated with chloride diuresis 

On the whole, it is evident, that the majority of patients with uncon- 
trolled diabetes of a type inherently severe or rendered serious by some 
concurrent condition, whether they develop ketosis or not, generally 
exhibit a reduction of plasma chlorides and probably of total base 
Case 33 is an exception, but it is hard to estimate m this case the rela- 
lative effects of diabetes, fractured skull and therapeutic measures 

Cases 34 to 38 had pneumonia Cases 34, 36 and 37, with typical 
lobar pneumonia, presented extremely low chlorides and total acid, 
even m the absence of ketonuria If diabetes and pneumonia both 
tend to reduce chloride, such a result might reasonably be expected 
The pneumonia of 35 certainly began as^ a pulmonary infarction 
This, the presence of severe cardiac decompensation and the previous 
subcutaneous administration of salme may together account for the 
high base, acid and chloride 

This experiment is the first in which ketonuna occurs and in which 
both total base and acid were determined It affords, then, the first 
opportunity for the estimation of the value of the procedure as a 
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means of detecting and e\ aluating the accumulation of ketone acids 
in the blood The value of organic acid is, as it should be far abox e 
normal Bv the same criteria, howexer the method fails complete!} 
in the next case, 36, in whose serum only 13 5 millimols of orgamc 
acid were found although she was in diabetic coma and had marked 
ketonuna This stands as the onlx observation in which ketonuna 
was discovered without a concomitant increase of the organic acid of 
the serum The accurac} of the procedure must not be lightly con- 
demned on this account In the first place the proteins were not 
determined and the -value ascribed to them was probably excessive 
because it is fair to assume in the light of experience that pH and 
protein concentration were both reduced 

Case 38 had high base, normal acids and plasma orgamc acid high 
in proportion to the degree of ketosis indicated by urine examination 
She had, however, adxanced cardiac decompensation, edema and 
almost complete anuna Sex ere ketonemia with minimal ketonuna 
as a terminal ex ent in diabetes has been encountered not mfrequently 
On the other hand it is quite as possible that the organic acidemia was 
caused by other acids, the product not of diabetes but of the associated 
diseases 

Case 39 had been -vomiting for about 36 hours before she was 
admitted to the hospital Vomiting, with acute abdommal pain as 
the precipitating cause of diabetic toxemia appears several tunes m 
this senes of patients In this case and m that of 53 the picture was 
so strongh suggestix e of an acute abdommal condition that the ad- 
visability of immediate exploratory operation was senouslx considered 
In most mstances rest, proscription of fluids b} mouth, the administra- 
tion of large amounts of fluid containing salt and glucose by other 
routes together with large doses of insulin has resulted in the rapid 
elimination of svmptoms The improvement is so rapid m these cases 
that it is hard to beliexe that the syndrome is referable to orgamc 
disease of the pancreas or any other abdommal organ Case 52 
both times that she was admitted presented a similar syndrome In 
her case it seemed quite possible that the attacks were initiated by 
some disorder of the action of the heart 

The electrolyte disturbance produced in the diabetic bx xomitmg 
is quite different from that which dex elops m the normal individual 
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Plasma chloride docs, to be sure, diminish and base may, as will 
appear subsequently, also fall Bicarbonate decreases, however, with 
extraordinary rapidity and senous acidosis may eventuate within a 
few hours Either the vomiting or the underlying cause of the vomit- 
ing has a profound eflect on carbohydrate metabolism, practically 
deleting the power of the individual to utilize glucose This is 
evidenced by the maximum blood sugar values encountered in vomit- 
ing cases The inevitable consequence of this loss of carbohydrate 
tolerance is the rapid accumulation of ketone acids m the blood This 
may be furthered by the failure of the excretory'- powers of the kidney 
to which the authors have called attention in another connection (25) 
The case is comparable to the acidosis which develops in vomiting 
infants Shaw, Monarty and Talbot (20) have shown that this acido- 
sis is due to a starvation ketosis and may be rapidly relieved by the 
administration of carbohydrate They believe that ketosis can be 
produced more easily m infants than in adults because the former 
possess a smaller reserve supply'- of carbohydrate To this must be 
added another factor As vomiting reduces the chloride and base of 
blood the usual defenses of the body against organic acid is diminished 
Bicarbonate must, as it were, bear the whole acid burden alone This 
leads to earlier alteration of pH m the acid direction 

The effects of intestinal obstruction and peritonitis attended by 
vomiting were briefly presented m the preceding paper of this senes 
(1) Chlonde and base proved to be reduced Case 40 presented 
constipation of such seventy'- that it amounted to complete intestinal 
obstruction For three days preceding the examination her bowels 
had not moved She had not vomited, but had taken little food The 
diabetes had been so aggravated that there was considerable keto- 
nuna, but total base had not diminished Chloride is, indeed, reduced 
and bicarbonate has also suffered some loss, but only because they 
have been displaced by organic acid Case 41, with cholelithiasis 
presents a very similar picture, she had vomited only once during the 
course of the abdominal condition 

The next case, 42, does not properly belong among true diabetics 
With an intestinal obstruction following resection of the cecum he 
developed glycosuna, hyperglycemia and ketonuna The metabolic 
disturbances disappeared completely shortly after the operation At 
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the time of the blood examination he had receix ed insulin and glucose, 
but gl\ cosuna and Letonuna had not x et cleared up This explains 
the high organic acid concentration of the serum The excessive 
amount of base max be the result of large hypodermic saline injections 
which he had receix ed If this is the case the loxv chloride must be 
looked upon not as a true salt deficiency , but as a displacement of 
chloride, probablj into the tissues, to free base to the ketone acids 

Case 43 illustrates the electrolyte picture during the latter stages 
of the recox ery from sex ere acidosis prox oked by an attack of x omit- 
mg Base is still somewhat depressed, although bicarbonate has 
returned to the normal lex el, chloride is quite loxv The pH is near 
the upper limit of normal 

The occurrence of edema m diabetic patients has long been re- 
cognized, but has nexer been explained m a satisfactoiy maimer 
Because it can be delrx ered rapidly by the administration of acidifying 
diuretics (21, 22) and because it seldom if ex er, appears in association 
xvith acidosis it is generally behex-ed to be m part due to an alkalosis 
The six patients, 44 to 49 mclusix e all presented subcutaneous edema 
at some stage in the course of their illnesses All attempts to connect 
the edema xvith a characteristic electrolyte picture fail. It is qmte 
true that edema never occurred during acidosis, but the level of 
bicarbonate during edema xvas frequently well below the upper normal 
limit That acidosis causes dehxdration and recox erv from acidosis 
is attended with the retention of water is well established (23) Dur- 
ing the recox ery from sex ere diabetic acidosis body weight increases 
at a surprising rate and to a remarkable extent even if edema does 
not develop There is less certain evidence that the administration 
of excessive amounts of alkali will produce an abnormal retention of 
fluid In a healthy individual it has not prox ed possible to provoke 
a true edema by means of alkak In certain pathologic conditions, 
however, edema has been produced by the a dminis tration of sodium 
bicarbonate, as if the disease had increased the sensitivity of the 
organism to the hydrating effect of alkali Thus Binger, Hastings 
and Neill (24) hax e reported the occurrence of edema after bicarbonate 
therapy in a case of pneumonia 

Under certain circumstances diabetes seems to confer such a sen- 
sitmtx to alkali Case 49 developed a moderate edema, m spite of 
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the presence of severe ketosis, after she had received sufficient bicar- 
bonate to restore the carbon dioxide absorption curve of the bloOd 
to the normal level In another connection (19) it was pointed out 
that this edema did not affect the blood which was highly inspissated 
as is indicated by the high hemoglobin, cell volume and plasma protein 
It did succeed m displacing chloride, which was probably already low 
because of the combination of ketosis and vomiting, to an extreme 
degree By the administration of insulin ketosis uas entirely elimi- 
nated m the course of 36 hours and the base released by the ketone 
acids was taken up by bicarbonate As the latter had been high 
at the outset it rose far above the normal limit The total acid, 
however, remained low and vomiting persisted With the impression 
that the chlorides and base of the body were depleted the patient 
was given sodium chloride on the third day This was followed 
almost immediately by alienation of symptoms With a clear recog- 
nition of the dangers of frost hoc reasoning the results of sodium chloride 
therapy in this and other similar cases has seemed to the authors to 
be of distmet benefit, a further intimation that the low chlorides 
and base indicate salt depletion 

Comparison of the other four cases during and subsequent to edema 
shows that the latter may occur when base is high or low, when 
chloride is high, low or normal, when protein is at any level Finally, 
from 46 it appears that it may come and go without any significant 
change of the acids or base The ultimate cause of the predisposition 
to the hydrating effect of alkali which these diabetic patients exhibit 
the authors are inclined to ascribe to malnutrition In their experi- 
ence edema is encountered only in patients who have undergone tissue 
wastage as a result of severe or improperly treated diabetes In all 
the cases they have encountered edema has disappeared spontane- 
ously when an adequate diet had been maintained for a sufficient 
period If this is the case diabetic edema, for which no cause can be 
found m complicating pathologic conditions may be accepted as 
evidence that the patient has received an inadequate diet At the 
same time it is a presumptive indication that he is not suffering from 
acidosis 

The next case, SO, illustrates again the manner m which chloride 
comes to the aid of bicarbonate m compensating chronic ketosis 
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The same is true of 51 In this case feeding was difficult because of 
the mental condition of the patient Whether it was failure to ad- 
minister sufficient salt or the development of pneumonia that caused 
the reduction of chloride of the last observation onlv anahsis for base 
which was not earned out, could ha\e determined 

Case 52 has alreadv been mentioned She was admitted to the 
hospital three times first for the usual diabetic symptoms, on both 
subsequent occasions because vomiting and abdominal pain had 
precipitated se\ ere acidosis In spite of the fact that she was almost 
comatose and the CO; was extremely reduced chlonde had not suffered 
am loss As ketosis cleared up, although she was grven saline b\ 
hypodermoclv sis, chlonde fell as bicarbonate rose Again the failure 
to determine base prevents an\ deductions concerning the general 
electrolvte lei el Yomitus was not, m this case, anal} zed for acid 
and chlonde It is, therefore impossible to say whether -vomiting 
had resulted in loss of chlonde or not It may have been that the 
v omitus contained bttle or no chlonde The unne at the time of 
admission and until the diabetic toxemia had been relie\ ed was 
almost free from chlonde The concentration as well as the total 
amount of chlonde was diminished This, as we haie shown (25) 
is quite charactenstic of the condition At the same time the patient 
was extremely deh} drated This dehi dration must be brought about 
bv sei eral factors D} spnea must lead to excessrv e loss of fluid bv 
ei aporation Vomiting prei ents restoration of this loss and promotes 
further fluid depletion The water lost b> respiration cames with it 
no salt The unne, as the toxemia advances contains relatrv ely more 
and more water and less chlonde Unless the v omitus contams large 
amounts of aad or salt there must be a tendency to concentrate chlo- 
nde in the body Such a concentration mav occur if the total chlonde 
m the body remam constant or ev en it it diminish This will depend 
entirely on the relative amounts of chlonde and water excreted 
Between the first two blood examinations 52 received about 7 gm of 
NaCl and excreted onl} 0 3 gm m the unne Dunng the same penod 
she was given 1300 cc of fluid while onlv 200 cc. of unne and 200 cc 
of v omitus were recovered Between the second and third examina- 
tions she received 21 gm of salt and 4000 cc of fluid and excreted 
2200 cc of unne containing 6 gm of sodium chlonde and v omited onlv 
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50 cc of fluid There was, then a large retention of both fluid and 
salt (The patient was afebnie and the respiratory ventilation 
diminished rapidly, so that presumably the loss of water by means 
of the lungs was comparatively normal ) It is impossible to estimate 
the relative amounts of fluid and salt retained m the body because 
the amount of water lost by other routes and the amount of salt in the 
vonutus were not measured 

The proportion of water and salt retained m the plasma can be cal- 
culated From the plasma protein figures it appears that the volume 
of the plasma at the time of the second observation was to that at the 

8 02 

time of the first observation as or 1 OS The ratio of the chlorides 

371 

from the same plasmas was ^ which also equals 1 08 If plasma pro- 
tein may be considered a criterion of plasma volume, the actual 
amount of chloride m the plasma has not changed The reduction 
of chloride concentration is due entirely to dilution of the plasma 
Between the second and third examinations the proteins fell another 
27 per cent, while chloride remained practically unchanged This 
can only mean that the actual amount of chloride in the plasma in- 
creased, but that the plasma water increased at the same rate 

It appears then that blood chlorides, and probably tissue chlorides, 
were actually depleted at the time of admission, but that this depletion 
was masked by mspissation of the plasma This theory is supported 
by the avidity with which chloride and water were taken up by the 
blood and tissues during recovery 

The last time this patient entered the hospital she was in even worse 
condition and recovery was proportionately delayed Tins tune more 
studies were made although the first blood analysis, which was done 
m haste late at night was quite incomplete There can be no doubt 
this time that base was low, so low that chloride concentration must 
have been reduced Vomiting continued for some time This 
vomitus was found to contain only the most minute amounts of 
chloride For example the patient lost by emesis during the first 
24 hours about 2200 cc of fluid, which contained altogether only 
about a gram of sodium chloride The sodium chloride m the urine 
of the same period amounted to less than 2 gm The patient had, 
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hcme\er, recened 2000 cc of normal sabne subcutaneoush and a 
considerable but uncertain amount b} rectum Because the \omitus 
analyzed in the hospital A\as chlonde free one can not argue that 
earber emesis had not plaj ed a part in the reduction of the plasma 
salt The relation of blood chlonde to the excretion of h} drochlonc 
acid by the stomach is still obscure The latter ma\ diminish as the 
chlonde stores of the bod} become impoxenshed 
Ketosis m this case diminished but sloul} in spite of the administra- 
tion of large doses of insulin Therefore, although total base returned 
to its normal le\ el rapidl} after the administration of large doses of 
salt, chlonde and bicarbonate rose onl} gradual!} , yielding to the load 
of organic acid On September 10, when the condition of the patient 
seemed to be progressing favorably a new attach of Aomiting was 
precipitated Within 4 hours acidosis had again de\ eloped and both 
bicarbonate and chlonde had fallen to extreme]} low levels, chlonde 
bearing the brunt of the load Respirator}- a entilation had increased 
to such an extent that the power of eliminating carbon dioxide must 
ha\ e been taxed to the utmost and chlonde was forced to come to the 
rescue In this instance certainly a omiting can ha\ e had httle direct 
influence because only 0 2 gm of chlonde was found in the \ omitus 
which was recovered more than half of the total This may be the 
reason that the effect of the upset on the total base was minimal The 
fact that the total base concentration was relatively unimpaired 
enabled the blood to assume the extraordinary acid load with greater 
ease 

The reduction of base and chlonde at the next examination may 
have been due to the fact that during the recoA ery penod httle atten- 
tion was given to the administration of salt, while gl}cosuna and 
diuresis continued As general impro\ ement continued and diet and 
insulin were regulated all the electrolytic elements gradually returned 
to the normal level 

The next patient, 53, was also admitted twice The first time he 
had a omited but once and from his story acidosis seemed to haA e de- 
a eloped slowly Base figures are not aA-ailable but in Anew of the 
height of total acid it can hardly haAe been greatly reduced Both 
chlonde and bicarbonate were low With diet and insulin alone he 
recoA ered rapidly, all the acids resuming their normal a alues 
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The second admission followed an acute attach of vomiting and 
abdominal pain This had lasted only a few hours before he entered 
the hospital, but he was already seriously dehydrated and m a critical 
condition Again base is little reduced, but the ketones have dis- 
placed both chloride and bicarbonate There is an evident anhydre- 
mia This time lie was given immediately a hypoderinoclysis of 
glucose and 1000 cc of normal salt Almost no further salt was 
given, however, for the next two or three days Under these circum- 
stances, although the acidosis was overcome base and chloride re- 
mained relatively low In this case vomiting persisted for some time 
after he entered the hospital, the vonntus containing small, but ap- 
preciable amounts of chloride 

The first admission of case 54 has already been mentioned On 
this occasion he came m suflenng from diabetic symptoms only 
polyuria, dehydration, loss of weight and weakness He had ketosis 
with normal bicarbonate and low chloride 

The second time he was driven to the hospital by an acute respira- 
tory infection and an active tuberculosis, m deep diabetic coma 
C0 2 had fallen to an almost unprecedented point while chloride had 
suffered little reduction He was given 2000 cc of saline and 600 of 
glucose solution subcutaneously within the next twenty-four hours 
and as much fluid containing carbohydrate as possible by mouth 
Because of his mental state the amount given by mouth was com- 
paratively small After this he again received little salt for the next 
few days Again base fell, although chloride remained constant 
In this case and the last there was apparently a certain amount of 
chloride reserve in the tissues that could be called upon to neutralize 
part of the base liberated by ketones and to maintain a constant con- 
centration of bicarbonate m spite of the fact that the serum was 
diluted, but this was not enough to keep up the total salt concentraion 
of the serum 

In contrast to these cases it may be well to turn agam to case 48 
This patient had a severe acidosis, but it had apparently developed 
gradually At the time of admission he had moderately severe ketosis 
and reduction of both base and C 0 » (serum chloride was not deter- 
mined) He was entirely rational and able to take a regular diet He 
was given 50 gm of protein, 150 of fat and 100 of carbohydrate with 
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large doses of insulin at once This insured him an adequate supply 
of salt This mav be the reason that during the reco\ ery period both 
salt and base rose rapidl} to the normal level In fact for a while 
thev surpassed this lev el 


GENERAL DISCUSSION 

The general effect of ketosis on the total electrolytes of the blood 
is evidently somewhat variable, depending upon the seventy and 
duration of the ketosis, and the nature of associated symptoms or 
pathologic conditions If ketosis dev elops comparatively slowly ov er 
a long penod it mav attam a considerable degree of sev enty without 
producing an appreciable reduction in the concentration of bicarbonate 
in the blood In these cases bicarbonate is spared at the expense of 
chlonde, which is proportionately reduced Occasionally the total 
base maj increase, but this is rather unusual More often base is 
diminished In cases of sev ere acidosis especially if it has dev eloped 
rapidlj, with symptoms of grave diabetic toxemia bicarbonate has 
inv anablv been reduced Ev en in these conditions, howev er, chlonde 
is usuallv also affected Base may be normal, but is often low and 
rarely, if ever, high The ability of the organism to utilize for the 
neutralization of organic acid the base usually combined with chlonde 
m addition to that denved from bicarbonate permits it to sustain a 
given acid load with less disturbance of the pH and a less senous 
demand on the respiratory mechanism 

The dehv er}- of base by chlonde mav occur with extreme rapidity 
In case 52 on September 10 the chlonde content of serum studied 
onlv four hours after the onset of a vomiting attack which had pre- 
cipitated a recurrence of ketosis and acidosis was extremely low It 
is hard to escape the conclusion that m this case, at least, chlonde 
had mere!} been transferred to the tissues Certainly it was not 
excreted in the vomitus, and the unne of that day contained less chlo- 
nde than did the unnes of the preceding and following days Unless 
an excessiv e amount was lost in the stools, which is hardlj probable, 
the only possible inference is that the base of chlonde can be rendered 
available for the neutralization of excess orgamc acids without the 
intervention of the kidneys, the chlonde merelj passing into the 
tissues Once m the tissues, the chlonde ions must again find base 
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with which to unite This may seem like robbing Peter to pay Paul 
In order to prevent changes in the reaction of the blood the organism 
immobilizes the base stores of the tissues If these stores are as 
limited as those of the blood such a process could only result in the 
impairment of the ability of the tissues to neutralize other acids It 
is, however, quite possible that the tissues possess reserve supplies 
of base in a more fixed form, m the bones, for instance, that may be 
mobilized to meet just such emergencies 

In most of the cases with severe diabetic toxemia 1 rj. this senes the 
base of the serum was seriously diminished Often enough this 
depletion exhibited itself in a reduction of the concentration of base 
In other instances, although the concentration of base was normal, 
the volume of the serum had been reduced by dehydration The 
natural inference is that the total amount of base in circulation was 
diminished This inference is supported by the alterations m the 
electrolytes observed during recovery from toxemia In the majority 
of instances total base, total acid and chloride diminished during the 
stage of water retention that accompanied the recovery process 
Although reduction of serum chloride can be effected without the 
intervention of excretory organs and does not necessarily imply any 
deficiency in the chloride content of the body as a whole one can not 
escape the impression that in most of these patients with severe ketosis 
and diabetic toxe m ia there is an actual depletion of the body salts and 
especially of chloride The process of transfer to the tissues may be 
only a temporary expedient for the mobilization of base to meet a 
sudden emergency The same forces may determine the transfer 
of chloride ions through the kidney into the urine in excess as the 
process continues and thus prevent the excessive accumulation of 
chloride in the tissues which would otherwise occur Loss m the feces 
may be increased m the same manner The fact that vonntus has 
been found, m a few instances, poor m chloride at a time when the 
serum chlorides were already low is no evidence that at an earlier 
period vomiting did not play an important role in the production of 
those same low serum chlorides However the chloride depletion 
may have been effected, circumstantial evidence of its existence is 
found in the persistent depression of the chloride level during recovery 
from ketosis If the chloride has actually escaped from the body and 
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is not merely segregated m the tissues it has presumably been excreted 
without the loss of an equi\ alent amount of base, the latter having 
been retained for the neutralization of the continuously renewed 
ketone acids By only one means can the body effect such a differ- 
ential excretion of as strong an acid ion as Cl, that is by the substitution 
of ammonia for an equn alent of fixed base 

It is not difficult to appreciate v, hy diabetic acidosis should produce 
base deficiency Ei ery molecule of organic acid excreted must carry 
with it from the body into the urine a certain amount of alkali The 
amount of fixed alkali thus removed is reduced to a minimum by two 
factors the ability of the kidney to excrete an acid unne and to sub- 
stitute ammonia for the alkaline metals These safeguards are not, 
however, sufficient to spare base entirely under the stram of continued 
acid production A certain amount of base is inevitably' lost Gamble, 
Ross and Tisdall (26) ha\ e shown in the analogous condition of starva- 
tion acidosis, that the body excretes sufficient water to maintain the 
concentration of base in the body' at a constant level If this explana- 
tion be accepted acidosis is the primary cause of dehy'dration and of 
salt or base depletion J B S Haldane (23) has shown that a great 
variety of acidifying measures lead to diuresis and water depletion 

Although the theory' of Gamble and his associates explains in a 
satisfactory' manner the phenomena of starvation acidosis, it does not 
entirely cover the phenomena of diabetes The most severe stages of 
dehy'dration are undoubtedly encountered in conjunction with acido- 
sis, but minor grades of dehydration occur at times in the absence of 
all evidences of acidosis and ketosis This dehy'dration is presumably 
referable to polyuria which has m turn been ascribed to the effect of 
glycosuria Unless the v ater loss in these cases were attended by' an 
equivalent loss of base the concentration of salts m the body would 
become increased Retention of water during recovery seems to take 
place even if an inadequate amount of salt is given, with the result 
that in many cases the concentration of base in the plasma falls as the 
patient first begins to improve 

Without denying that acidosis is an important agent in the produc- 
tion of dehy'dration m diabetics and with complete deference to the 
cogent arguments of Gamble concerning the mechanism by which 
acidosis produces this effect, in diabetes other forces, possibly gly'co- 
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suria itself, may aid m pro\oking an excessive elimination of water 
A primary loss of salt will, as Gamble has shown lead to a secondary 
discharge of water, it seems likely also that a primary loss of water, 
if it lead to true dehydration of the tissues, will be attended by an 
equivalent loss of salt When the two forces are both active, as in 
diabetic toxemia, therefore, the body will sutler a maximum loss of 
both water and salts 

These observations have a certain bearing on therapy It has al- 
ready been demonstrated by Cullen and Jonas (27), Bock, Field and 
Adair (16) and others that insulin itself is the most efficient weapon 
with wluch to combat the acidosis of diabetes Foster (28) has called 
attention to the necessity of providing with the insulin an adequate 
supply of carbohydrate In tins the authors heartily concur Such 
carbohydrate does not only protect against the possible contingency 
of hyploglycemic shock These patients have exhausted their gly- 
cogen stores The only source from which they are able to derive 
the necessary antiketogenic material is the body protein As Shaffer 
has shoivn the excess of antiketogenic over ketogenic equivalents m 
protein is very small If the organism is forced to rely entirely on 
protein for the provision of antiketogenic materials it has no margin 
of safety The failure to save 39 may have been partly due to the 
failure to recognize the necessity of administering glucose with in- 
sulin On more than one occasion she recovered consciousness and 
her hyperpnea diminished, but the effect was only momentary A 
further reason for giving carbohydrate is to diminish the destruction 
of protein which characterizes diabetic toxemia It has become our 
custom to disregard the presence or degree of glycosuria until ketonu- 
na and acidosis have been overcome 

The chief contraindication to the administration of carbohydrate is 
the fear that the persistence of glycosuria will tend to maintain diuresis 
and dehydration On just this ground Bock, Field and Adair, al- 
though the}'’ employed carbohydrate freely m the treatment of diabetic 
acidosis, express some doubt as to the advisability of such therapy 
In actual practice the persistence of glycosuria does not seem to pre- 
xent the body from retaining water This is demonstrated by the 
results obtained with cases 52, S3 and 54 especially In all these cases 
dilution of the blood and relief from excessive polyuria resulted Jong 
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belore glucose had been eliminated from the unne Apparent!} the 
dehv dratmg cllcct of acidosis is more pow triul than that of gh cosuna 

If acidosis is entirely due to the o\ erproduction ol ketone acids it can 
be rapidh and completely eliminated by the proper use of insulin and 
carbohydrate The use ot bicarbonate is not only entirely unneces- 
sar\ , but c\ en inadvisable The combustion of ketones under the 
influence ol insulin may in itself rclea=e so much base to combine with 
CCk as to produce an alkalosis The administration of additional 
bicarbonate only heightens this effect and may precipitate edema 
Whether bicarbonate is beneficial m the treatment of acidosis due to 
other acids or not is a point on \\ hich no one can afford to be dogmatic 
Its effect is to displace from the serum an equivalent amount of chlo- 
ride It usually does, to be sure at the same time raise the pH of 
the blood and quiet respirations It the non-ketogenetic organic 
acidosis is as wc are mebned to surmise referable not to diabetes 
but to some associated disease its treatment can be adequately dis- 
cussed only' when the nature of that disease has been ascertained 

Finally , if as we have inferred chloride can aid in the maintenance 
of the blood reaction by yielding base ior the neutralization of the 
ketone acids and can, by this means spare bicarbonate and relieve 
the respiratory mechanism, the administration of sodium chlonde in 
conditions of acidosis would seem to be a rational procedure II 
furthermore the base stores of the body are actually or relatively 
depleted in states of diabetic toxemia such treatment is the more lm- 
peratively indicated and should be continued during the recovery 
process 

The authors are quite aware that these conclusions are supported 
more by' inference than fact They represent the first attempt to 
evaluate and interpret the general electrolytic disturbances of diabetes 
and diabetic toxemia Further and more extensive studies to test 
these hypotheses are contemplated and will be earned out as matenal 
presents itself 

smmAR\ 

By a procedure outlined in a previous communication the total 
acid-base equilibrium of the serum or plasma m diabetes has been 
studied The procedure has proved capable of detecting any con- 
siderable accumulation ol ketone acids in the serum 
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Ketosis of considerable seventy may develop without appreciably 
affecting the bicarbonate of the plasma In these cases chlonde is 
usually found reduced and the base required for the neutralization of 
the organic acid is evidently denved from chloride 
In severe diabetic acidosis base for the neutralization of ketone acids 
may be ceded by both bicarbonate and chloride The reduction of 
chlonde may occur with extreme rapidity and without any appreciable 
augmentation of chlonde excretion, indicating that the chlonde ion 
is merely transferred to the tissues 

In profound diabetic toxemia the salt content of the blood and prob- 
ably that of the tissues is seriously depleted 

The bearing of these phenomena on the treatment of diabetic tox- 
emia, ketosis and acidosis has been discussed 
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PROTOCOLS 

Case 1 A male, aged 38, laborer, entered the hospital November 22, 1922, 
recovering from a cold which had aggravated a mild diabetes Venous puncture 
with moderate stasis 

Case 2 \ male, aged 18, entered the hospital January 30, 1923, with a mild 

upper respiratory infection and glycosuria of only 2 weeks’ standing (Urine 
had been examined at frequent intervals for 2 years because of an earlier nephritis 
from which lie had recovered completely ) His cold was subsiding and tempera- 
ture normal at the time of the venipuncture 

Case 3 An obese female, aged 28, who had had glycosuria without anv diabetic 
symptoms for 2 months 

Case 4 A male, aged 36, with uncomplicated diabetes of moderate severity 
Venipuncture at about 11am At this time he was receiving an adequate diet, 
and his urine was kept free from sugar and acetone vi ith a smgle morning dose of 
insulin 

Case 5 A stout female, aged 53, admitted to the hospital November 20, 1922, 
with an acute attack of recurrent arthritis with fever At the tune of the veni- 
puncture her temperature was only 99 6°F and her general condition greatly 
improved She had received large amounts of salicylate and bicarbonate 
Although sugar was found only in the first urine examination, her fastmg blood 
sugar remained consistently elevated and she presented an excessive alimentary 
hyperglycemic reaction r 

Case 6 A moderately obese female, aged 45, admitted to the liospi tal Novem 
ber ! 1922, for glycosuria of 4 years’ duration and distinct enlargement of the liver 
The glycosuria responded readily to mild dietetic treatment 

Case 7 A somewhat obese female, aged 56 admitted to the hospital for steadily 
increasing glycosuria On a liberal diet glycosuria and acetonuna disappeared 
rapidly 

Case 8 An obese male, aged 55, admitted to the hospital February 2, 1923, 
with glycosuria and chronic hypertrophic spondylitis The glycosuria responded 
readily to mild dietetic treatment 

Case P A moderately obese male, aged 64, admitted to the hospital April 4, 
1924, with progressive dementia and mild glycosuria The latter disappeared 
rapidly with mild dietetic treatment Spinal fluid examination and Wassermann 
tests proved negative 

Case 10 An obese female, aged 73, admitted to the hospital May 30, 1924, 
with glycosuria and severe, generalized senile eczema She presented moderate 
evidences of arteriosclerosis and hypertension but no signs of cardiac or renal 
insufficiency Her diabetes was controlled by the mildest dietary restriction 

Case 11 A female, aged 27, admitted to the hospital June 10, 1924, for an 
uncomplicated diabetes of moderate seventy which was easily controlled by dietary 
regulation and small doses of insulin 

Case 12 A somewhat obese female, aged 43, with diabetes of 8 years’ duration. 
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admitted to the hospital January 14, 1924, because of a recurrence of diabetic 
symptoms, which had set in 6 weeks earlier Xo complicating condition was 
discovered On the day of the blood examination gh cosuna, which had proved 
amenable to mild dietetic treatment, suddenly recurred attended by a profuse 
diuresis that persisted for three davs 

Case 13 Vmalc, aged 51, admitted to the hospital May 21, 1924, with phimo- 
sis, mild balanitis, slight evidences of arteriosclerosis and mDd hypertension, but 
no evidences of circulatory or renal failure Glycosuna had been discovered 
during a routine insurance examination a fen days earlier and was not attended 
with diabetic symptoms At the time ot the second bleeding the balanitis was 
cured and the diabetic condition controlled with an adequate diet without insulin 

Case 14 A female, aged 53, admitted to the hospital May 10, 1924, complain- 
ing of nervous attacks, weakness and gly cosuna and recurrent attacks of gall- 
stone colic. X-ray revealed a large calculus m the gall bladder, and advanced 
chrome hypertrophic spondv litis Her diabetes v as moderately sev ere, but 
responded to diet and moderate doses of insulin 

Case 15 A female, aged 56, admitted to the hospital May 12, 1924, for attacks 
of weakness, associated with dyspnea, orthopnea and throbbing epigastric pain, 
occasional edema of the ankles, and glycosuna Five years earlier an apoplectic 
stroke had resulted in temporary left sided hemiplegia, and in 1920 cardiac decom- 
pensation brought her to the hospital, where gh cosuna was discovered At the 
time of the venipuncture she had slight hyperpnea and orthopnea, and a few riles 
at the bases of both lungs, a Uttle pitting edema of both ankles, and slight tachv- 
cardia, moderate hypertension and phenolsulfonephthalem excretion of 40 per 
cent 

Case 16 An obese female, aged 66, admitted to the hospital Xov ember 14, 
1924, for a burning sensation and weakness of her left band, nervousness, severe 
headaches, dyspnea and cardiac palpitation Her artenes were thickened, her 
heart enlarged, and her blood pressure somewhat increased. At the time of the 
v empuncture her general condition was greatl> uuprov ed 

Case 17 An obese female, aged 60, admitted to the hospital March 30, 1924, 
for an ulcer on the dorsum of her left foot GI> cosuna had been discovered 5 
years earlier Her heart was moderately enlarged, her systolic blood pressure 
236, she had slight dyspnea, orthopnea and tachycardia and a phenolsulfone- 
phthalem excretion of 48 per cent There was a small superficial ulcer with little 
inflammatory reaction on the dorsum of the left foot At the time of the second 
bleeding her general condition was greatly improved systolic blood pressure 176, 
pulse and respirations normal, ulcer healed, diet adequate, no insulin and urme 
free from sugar 

Case 16 An obese male, aged 66, admitted to the hospital Xovember 8, 1923, 
for typical diabetic symptoms of four months’ duration, with the remains of a 
subsiding cold The diabetes was eventually easily controlled by diet without 
insulin 
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Case 19 A fcm&lc, aged 64, admitted to the hospital February 19, 1923, 
because of slight cerebral hemorrhage the preceding day, with a mild diabetes 
discovered 14 years earlier Her heart was moderately enlarged, her systolic 
blood pressure 170, her mind somewhat confused 

Case 20 A female, aged 60, admitted to the hospital September 4, 1924, for 
glycosuria w ith mild diabetic symptoms of 10 years’ duration In 1923 she had an 
apoplectic stroke that left her with some disability and sensory disturbances of 
the left hand Her heart was moderately enlarged, her systolic blood pressure 
190, but no evidences of cardiac or renal insufficiency The glycosuria disappeared 
rapidly under dietetic treatment and a single small dose of insulin daily 

Case 21 A male, aged 62, admitted to the hospital May 22, 1924, with a 
diabetes of 4 years’ standing, recently aggravated by a coryza, and jaundice which 
had recurred at intervals for 30 years, increasing in frequency, duration and 
intensity, w'liich proved to be hemolytic in type The diabetes w r as readily con- 
trolled by dietetic treatment alone The Wassermann was negative At the 
time of the second examination the patient was receiving an adequate diet and no 
insulin 

Case 22 A thin, but not emaciated female, aged 33, admitted to the hospital 
September 18, 1924, for the treatment of glycosuria and diabetic symptoms, which 
had developed acutely about 5 weeks earher, shortly after the removal of an 
infected tooth The glycosuria disappeared rapidly under insulin therapy and 
dietetic regulation 

Case 23 A thin female, aged 65, admitted to the hospital July 20, 1924, with 
a diabetes of 4 years’ duration Her heart was slightly enlarged, her systolic blood 
pressure 168 without evidences of cardiac or renal insufficiency With insulin and 
dietary regulation the glycosuria soon disappeared 

Case 24 An emaciated male, aged 25, entered the hospital June 15, 1923, with 
diabetes discovered 14 months earher and recently aggravated by the appearance 
of furunculosis At the time of admission and venipuncture the furuncles were 
practically healed, he appeared somewhat dehydrated, but did not display any 
hyperpnea The glycosuria proved amenable to insulin therapy 

Case 25 A poorly nourished male, aged 16, admitted to the hospital, June 9, 
1923 Diabetic symptoms had come on acutely about 3 months earlier, his 
weight had fallen from 49 5 to 39 5 kilos There was no evidences of any organic 
disease other than diabetes Between the time of admission and the bleeding 
polyuria had continued and his weight had fallen another kilo 

Case 26 An emaciated male, aged 21, admitted to the hospital, January 3, 
1923 He had suddenly developed acute diabetic symptoms a few weeks earlier 
He appeared emaciated and dehydrated, his respirations somewhat increased in 
rate and depth, his urine loaded with sugar and acetone, but no complicating con- 
ditions could be discovered Blood was withdrawn from an arm vein, with 
moderate stasis, at once Glycosuria and ketonuna subsided rapidly under 
treatment bv diet and insulin In the course of treatment acute catarrhal jaun- 
dice, lobar pneumonia and pleurisy with effusion appeared and resulted fatally 
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Ca<e 27 A female, aged 65, admitted to the hospital March S, 1923, with 
gangrene of her foot w hich had dc\ eloped 4 or 5 weeks earlier and had aggravated 
a diabetes of 10 icirs standing which had, Ull then been easily controlled by 
dietetic treatment Tor a month she refused operation and then consented onh 
to amputation below the knee The flaps broke down immediately Dietetic 
regulation controlled the diabetes successfully except for a day after the operation 
when she had transient gli cosuna Her appetite failed rapidly , howei er, and 
she became stuporous About Mai 5th edema appeared and, bi the time of the 
blood examination on May 9th had become quite marked The edema and stupor 
increased continuous!! until her death on Mai ISth 

Care 28 An obese female, aged 60, admitted to the hospital November 28 
1924, w ith lacerations of the scalp and a fractured patella receii ed in an automobile 
accident and a diabetes of at least S i cars’ standing, which had proied amenable 
to moderate dietary restriction GK cosuna disappeared rapidly with little 
dietan regulation as she recoi ered from the nen ous shock and the acute trauma 
of the accident 

Case 29 and 45 A small, emaciated, male, aged 46, admitted to the hospital 
for the first time in N'oi ember, 1922, with a mild acidosis \\ ith dietetic treat- 
ment alone he was rendered agli cosunc on a diet containing only 25 gm. of carbo- 
hydrate, 50 gm of protein and 125 of fat Under these circumstances he de- 
i eloped slight, persistent, subcutaneous edema of the ankles and legs which was 
present at the time of the first bleeding He remained well until a severe cold 
with feier and acute pain in the chest aggravated by breathing and coughing 
resulted in the recurrence of gly cosuna and diabetic sy mptoms despite treatment 
and forced him to enter the hospital October 23 At this time he had signs of a 
subsiding coryza and acute fibrinous pleurisy with some evidences of acidosis 
At the time of the i empuncture, the next morning before breakfast, his general 
condition had improi ed greatly 

Case 30 A male, aged 50, with moderately seiere diabetes of about 3 years’ 
duration, which had been adequateli controlled by diet until aggravated by an 
acute upper respiratory infection, admitted to the hospital Xoi ember 6, 1923, 
with a coryza and reddened throat, breathing quietly and apparently not much 
dehydrated The first blood ex amin ation was made at once, the second the sam e 
ei ening after he had receii ed 40 units of insulin 

Case 31 A small emaciated male, aged 37, admitted to the hospital March 
27, 1924 For 3 years he had suffered from polvuna, polydypsia, and increasing 
weakness Two weeks before admission he had dei eloped a coryza, a week later 
his right ear began to discharge pus and on March 26 the left ear followed suit. 
At the time of the first bleeding he appeared emaciated and somewhat dehydrated, 
weighing only 37 7 kilos, respirations slightly exaggerated, temperature 9S°F 
pulsellO B oth ears were discharging pus, his tonsils were inflamed. Thesecond 
examination was made two days later when the patient had recerved adequate 
food, fluids and insulin and had gamed 2 kilos As the infections cleared up 
tolerance improi ed and he was discharged from the hospital, agly cosunc, with an 
adequate diet and a single large daily dose of insulin 



200 


ACID-BVSE EQUILIBRIUM VI DIABETES 


Case 32 A male, aged 57, admitted to the hospital February 20, 1925, with a 
long standing, mild diabetes which had been recently aggravated by an inter- 
current infection At the time of the blood examination lie appeared acutely ill, 
his temperature 100 5°F , pulse rapid, respirations rapid and shallow , tongue dry 
and coated, evidences of infection of lungs, kidneys, and unnary tract and a blood 
culture containing pure Staphylococcus aureus For the preceding 24 hours he 
had received little fluid 

Case 33 A female, admitted to the hospital October 25, 1922 with a fracture 
of the base of the skull and of the achromial end of the right clavicle, the results of 
a fall, unconscious At the time of the second bleeding she had signs of consolida- 
tion of the low'er lobe of the right lung, and a temperature of 104°F It was im- 
possible to administer adequate amounts of fluid 

Case 34 An obese female, aged 50, admitted to the hospital February 21, 
1923, on the sixth day of a lobar pneumonia which had aggravated a mild diabetes 
of some years’ duration At the time of the first bleeding she w as quite cyanotic 
and dyspncic, with rapid pulse, high temperature, and signs of consohdation of 
the whole right lung She did not appear dehydrated and took fluids well, 
receiving insulin and frequent feedings of milk and cream with lactose After the 
pneumonia subsided the gljmosuria rapidly disappeared and she w T as discharged 
aglycosuric without insulin 

Case 35 A male, aged 65, admitted to the hospital November 28, 1924 One 
week earlier he was seized with pain in his left chest, bloody expectoration, and 
irregularity of the heart For 2 days before admission he had become increasingly 
stuporous 

The night he entered the hospital he was semi-stuporous, cyanotic, with deep, 
rapid respirations, a totally irregular pulse, extreme cardiac enlargement, signs 
of consohdation over the lower lobe of the right lung, temperature of 102°F and 
urine containing considerable sugar and a moderate amount of acetone He was 
given frequent doses of insulin, orange juice and water during the night without 
benefit All specimens of urine gave heavy reactions for sugar and moderate 
reactions for acetone The blood examination was made at 9 a m the next morn- 
ing when he was almost moribund, temperature 106°F , pulse almost imperceptible 
In spite of saline, glucose and insulin he died within two hours 

Case 36 A female, aged 58, with diabetes which had been well controlled for 
8 or 9 years, first with diet alone and later wuth insulin On September 22 anorexia 
and general malaise led her to omit insulin Glycosuria increased rapidly even 
when insulin, without carbohydrate was resumed She entered the hospital at 
9pm on September 26, emaciated, dehydrated, in deep coma, with deep accel- 
erated, sighing respirations, a rapid, weak pulse, and profuse showers of rides 
over the lower lobes of both lungs, especially marked on the left side, where the 
breath sounds were tubular in character, and a temperature of 102°F No unne 
could be obtained by r catheter Venipuncture, which was done immediately 
required considerable stasis In spite of insulin, salmc and glucose solutions 
subcutancouslv she died within 4 hours 
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Case 37 \n obese female, aged 57 Mild gK cosuna had been discovered m 
1919 when she had a cerebral hemorrhage On December 6, 1922, she dev eloped 
a severe cough Fnc days later she expectorated bloodv sputum and became 
drowsv and mentalh confused 

When she entered the hospital, December 13, she was semicomatoac, somewhat 
delirious, extremely cvanotic sitting propped up in bed breathing rapidly and 
with difiicultv , with a rattle in her throat, temperature 101°F pulse 120, systolic 
blood pressure 170 Over the left upper lobe and both lower lobes were dulness 
and tubular breathing, and coarse, bubbling rales v ere heard oxer the whole chest 
B'ood was examined at once and insubn administered 

The second blood examination was made the next morning Cvanosis was less 
intense tracheal rales less marked, and mental condition clearer although the 
whole left lung was frankh consokdatcd She died suddenly a few hours later 

Case 3S An emaciated colored female aged 70 admitted to the hospital 
Juh 11, 1924 GK cosuna with senile dementia had developed a year earlier, and 
symptoms of cardiac decompensation had recently appeared She was entireh 
disonented and confused mvoluntarv of urine and feces breathing rapidly and 
noisih Her heart was enlarged and s\ stohe and diastolic murmurs were audible 
oxer the whole precordium Systolic blood pressure was 180 Sibilant and 
sonorous rales were heard ox er the chest There was well marked pitting edema 
of the lower extremities A little later frank signs of pneumonia appeared and 
she made a rapid exodus 

Case 30 An emaciated female, aged 37, admitted to the hospital Alarch 21 

1923 Thirty -six hours earlier she suddenly developed acute abdominal pain, 
nausea and vomiting By the next morning she was weak and stuporous and 
within 24 hours had sunk into deep coma 

She was admitted in deep coma, breathing rapidlv and extremely deeply, 
emaciated and dehxdrated, with sy stohe blood pressure only 88 Blood was 
examined at once After insulin and a hypodermoch sis of saline she recovered 
consciousness, only to relapse rapidly in spite of further treatment Aomitmg 
continued The unne output was scanty and further injections of saline resulted 
onlv in the production of subcutaneous edema Xo carbohv drate was injected 
She died within two days without the appearance of further symptoms to explain 
the origin of the acute illness Xo historv of diabetes preceding the present illness 
could be obtained 

Case A0 An emaciated female, aged 64, admitted to the hospital October 16, 

1924 Mfld diabetes had been recognized for a y ear previous For 4 day s before 
admission she was unable to move her bowels in spite of numerous cathartics and 
had taken almost no food nor fluids, but had not vomited 

On admission, when the blood examination was made, she appeared weak, 
emaciated and dehy drated her abdomen distended with gas, her rectum filled with 
impacted feces Cleaning out the rectum thoroughly with enemata, regulation ot 
diet, small doses of insulin and treatment ot hemorrhoids resulted in alleviation 
of all symptoms 



202 


ACID-BASE EQUILIBRIUM VI DIABETES 


Case 41 An obese female, aged Cl, admitted to the hospital September 6, 
1924, for treatment of a gangrenous toe which had aggravated a mild diabetesof 
10 }' , ears’ standing The diabetes was readily controlled by diet and msulm and 
the toe healed without surgical interference While she was in the hospital she 
had an attach of biliary cohe and jaundice which subsided spontaneously and for 
which she refused operation She also had an enormous ovarian cyst and moder- 
ate hypertension with some evidences of beginning heart failure 

October 22 she developed dull pain in the abdomen, nausea, and vomiting, and 
jaundice When the blood was examined, October 25, she was deeply jaundiced, 
acutely ill and dehydrated with rapid, irregular pulse, but normal respirations, 
and enlarged liver and tenderness in the right upper quadrant October 28 the 
gall bladder was drained The second blood examination was made just after the 
operation Intractable distention developed and she died October 31 

Case 42 A male, aged 46, admitted to the hospital February 4, 1925, with an 
acute appendicitis with abscess Extensive necrosis of the cecum necessitated 
resection and end to side anastomosis of the ileum and cecum Three days later 
persistent vomiting and abdominal distention appeared February 8 unne con- 
tamed no sugar, but considerable acetone His blood sugar at 11 am was 366 
mg per cent He was given 1500 cc saline subcutaneously at noon and at 5 30 
p m 500 cc of 5 per cent glucose and 400 cc of sahne with 20 units of insulin 
Cecostomy was performed about 2 hours later The blood was examined about 
2 hours after the operation, when his temperature was 102°F He recovered after 
a protracted illness without further recurrence of glycosuria or hyperglycemia 

Case 43 An emaciated male, aged 18, admitted to the hospital September 17, 
1924 For 3 years be had had a diabetes, controlled with difficulty by diet and 
insulin On September 14 he became soaked and fatigued, exhausted his supply 
of insulin, and took one or two large meals The next day nausea and vomiting 
set m and he continued without insulin By night he was almost comatose, 
overventilatmg and excreting large amounts of glucose and acetone He received 
only broth and 60 units of msulm in the next 24 hours, at the end of which time 
he was brought to the hospital On admission, when the first venipuncture was 
made he seemed tired and drowsy, but mentally clear, extremely dehydrated, 
breathing quietly, with rapid pulse Vomiting had ceased During the course 
of the night he was given 50 units of insulin and large amounts of fluid containing 
carbohydrate The next morning he was able to resume his former diet The 
second blood examination was made before breakfast 5 days later Meanwhile 
he had gamed more than 3 kilos of weight and his unne had been free from sugar 
and acetone for 24 hours 

Case 44 An undernounsbed male, aged 26, admitted to the hospital February 
12, 1923, for treatment of diabetes which had developed acutely 3 years before 
and recently been aggravated by a coryza At the time of admission when the 
first blood was taken he appeared dehydrated and presented definite hyperpnea 
He weighed only 47 7 kilos At the time of the second examination 10 days later 
his weight had increased to 64 3 kilos although he was receiving only 1340 calo- 
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ncsa dav and he had marked, generalized, subcutaneous edema, asatcs and double 
h\ drothorax When his diet was increased to 1450 calories dailv his edema rapidh 
disappeared without other treatment W ith dictan regulation and insulin 
regained weight and strength and was able to resume his normal occupation 
On August 25, 1923 he was agam admitted with all the evidences of aadosis 
and dchvdration, precipitated bj a corvza The third blood was taken as soon as 
he entered the hospital He recovered rapidh and his carbohv drate tolerance 
returned to its former lev el 

The last blood was crammed when he called to report progress He had been 
continualh aghcosunc, had regained his normal weight, and his carbohydrate 
tolerance had not diminished 
Case 45 (See no 29 ) 

Case 46 A male, aged 23, admitted to the hospital August 12, 1924 Diabetic 
symptoms had begun suddcnlj 8 months earber He first came to the outpatient 
department January 6, 1924, weighing 78 7 kilos, large and well-dev eloped, not 
obese, without evidences of organic disease other than diabetes With moderate 
dietarv restriction gljcosuna and diabetic symptoms disappeared, but agam 
recurred in Mar 

When he entered the hospital August 12 he weighed onlj 63 2 kilos and appeared 
weak and somewhat dehrdrated His blood sugar before breakfast was 210 mg 
per cent and his unne contained large amounts of sugar and acetone On a diet 
of 65 gm of protein, 150 of fat and 100 carbohj drate and 55 units of insulin, as 
gl> cosuna and ketonuna diminished his weight increased rapidh On August 22 
he presented well marked edema of the ankles and the next da>, when the first 
blood was taken, weighed 67 3 kilos Without change in treatment, but with a 
spontaneous increase of carbohj drate tolerance the weight began to fall the next 
dar He was discharged September 2, weighing 64 1 kilos, aglj cosunc, free from 
edema, on a diet containing protein 65 gm., fat 200, carbohj drate 100 2537 
calories, taking onlj a single dose of 15 units of insulin dailj The second blood 
was taken August 31, when the edema had disappeared 

Case 47 A verj small emaciated male, aged 27, admitted to the hospital 
March 4, 1925 Sex ere diabetic symptoms had suddenlj dev eloped 4 months 
before this after a severe cold, and were agam aggravated 2 months later bj an 
acute otitis media When he entered the hospital he weighed onlj 30 6 kilos 
20 kilos less than he had weighed before the onset of the diabetic sjunploms, and 
had extreme poljmna He appeared emaciated and dehv drated, his respirations 
were somewhat increased, purulent discharge issued from his left ear and his 
tonsils were shghtlv inflamed The first blood was taken at once 

On a diet of 50 gm of protem, 150 of fat and 100 of carbohj drate and increasing 
doses of insulin gljcosuna, acetonuna and poljoina rapidlj disappeared and his 
weight increased, reaching a maximum of 37 2 kilos on Mamh 17 From this 
point on it agam diminished rapidlj , the edema disappearing as his general condi- 
tion and tolerance improv ed At the time of the second blood studv the aadosis 
had disappeared, at the time of the third edema was quite evident (weight 36 
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kilos), at tlic lime of the fourth edema was no longer evident (weight 34 kilos) 
At the time of the last bleeding he was aglycosunc on a diet containing 60 gm of 
protein, 150 of fat and 110 of carbohydrate with 30 units of insulin daily and 
weighed 34 5 kilos 

Case 4S A female, aged 47, admitted to the hospital December 11, 1922 
One year earlier, when she had furunculosis, otitis media and pyuna, glycosuria 
had been discovered, which cleared up when the furunculosis disappeared Two 
w r eeks before admission she developed a cold and cough, which increased in 
seventy December 7th persistent, distressing hiccough and vomiting appear d, 
followed by increasing drowsiness and dyspnea, for which large amounts of sodium 
bicarbonate and fruit juices were given 

When she entered the hospital and the first blood w r as drawn she was quite 
stuporous, but restless, slightly cyanotic, breathing slowdy and superficially Her 
heart w r as enlarged, pulse 101, systolic blood pressure ISO Harsh breathing and 
scattered rales were heard over both sides of the chest There was shght subcu- 
taneous edema of the ankles and shins The unne contained large amounts of 
pus, and considerable sugar and acetone 

Thirty units of insulin were given in the course of the night and, by the next 
mommg, her urine contained neither sugar nor acetone, she was mentally clearer, 
and the riles in the chest w'ere less profuse Hiccough and vomiting persisted and 
interfered seriously w ith the administration of fluid 

The following day, when the second blood was taken improvement was more 
marked, but the edema had increased and vomiting continued The vonntus 
contained no free HC1 and almost no combined acid In the course of the day she 
received 1000 cc of normal saline solution by hypodermoclysis Vomiting and 
edema disappeared rapidly and she improved steadily from this time on 

The third blood was taken January 11, when she was receiving a diet containing 
50 gm of protein, 100 of fat and 75 of carbohydrate, wnthout insulin Her unne 
still con tamed pus and a faint trace of acetone, her lungs were clear and there were 
no signs of edema 

Case 49 A female, aged 57, admitted to the hospital August 16, 1923 with 
gangrene of the foot which had aggravated a mild diabetes of 7 years standing 
When she entered the hospital she was semi-stuporous, breathing rapidly and 
rather deeply, and appeared somewhat dehydrated The nght little toe and the 
adjacent portion of the dorsum of the foot were black and gangrenous and there 
were evidences of spreading cellulitis extending from the gangrenous area Opera- 
tion w'as refused by the family In spite of increasing doses of insulin and large 
amounts of fluid containing carbohydrate it was impossible to control the diabetes 
continuously in the face of an advancing infection and constantly increasing 
temperature and toxemia, as is evidenced by the result of the first six blood exami- 
nations, the first of which was made as soon as she entered the hospital and the 
other five before breakfast on the days indicated in the table 

The leg w'as amputated above the knee August 20, shortly after the sixth 
examination, and the seventh was made before breakfast the next morning She 
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improved for the first few davs after the operation, but the flaps then broke down 
and she sank gradually In spite of the fact that the diabetes v as adequate!} 
controlled by diet and insulin, she died about a month later 
Case 50 A female, aged 56, admitted to the hospital January 2S, 1924 Fne 
\ cars earlier she had a sudden attack of unconsciousness lasting se\ eral days during 
uhich ghcosuna was discoyered liter that she remained free from symptoms 
vyith moderate dietan regulation although she showed a slight, persistent gh- 
cosuna Forty -eight hours before she entered the hospital she seemed confused 
yvhen she awoke in the morning She became unconscious m a few hours and 
shorth after this hvperpnca and acctonuna appeared 

The first specimen of blood was taken just after she entered the hospital, when 
she was in deep coma, breathing eery deeph, 26 to the minute, and markedh 
dehydrated Her temperature was 101°F , pulse 10S, svstohe blood pressure 140 
Cher the base of the right lung there was dulness, with diminished breath sounds 
and riles Her blood count showed 6 3 million red blood celL and 27,000 leuco- 
cytes with 91 per cent of polymorphonuclear neutrophfles Unne, obtained be 
catheter, contained a very faint trace of albumin, mam hyaline and granular casts 
and large amounts of sugar and acetone 

She was at once gnen hypodermodysis containing 500 cc ol 5 per cent glucose 
solution and 1000 cc of normal saline and 12 hours later another of 500 cc. of 
glucose and 300 cc of saline She also recen ed orange juice sweetened with sugar, 
b} mouth, and 70 units of insulin in frequent divided doses The next morning 
when the second examination of the blood was made her respirations were quiet, 
her pulse rate was normal and her unne contained considerable sugar, but only a 
trace of acetone Her temperature was still 100°F and she was still in deep 
coma 

In the next 24 hours she recen ed 5600 cc of fluid and large amounts of sugar 
This included a hypodermodysis of 500 cc. of 5 per cent glucose solution and 1000 
cc. of normal saline When the third blood was taken on the 30th, her mental 
state was somewhat dearer, but she remained quite stuporous, unable to respond 
to questions and her right hand seemed distinctly weak. Her unne contained 
little sugar, but no acetone 

Alter this she improyed rapidly On February 1 she had roused from her 
stupor, but presented a definite motor aphasia, slight dysphagia, and weakness of 
the nght arm and the nght side of her face 
At the time the fourth blood was taken she was receiving a diet containing 50 
gm of protein, 100 of fat and 100 of carbohydrate, and 60 units of insulin dally 
the aphasia persisted, per pulse was quite irregular, with frequent extras} stoles, 
and the electrocardiograph subsequently rev ealed evidences of coronary disease 
The signs in the lungs remained unchanged, temperature 100 S C F 

The patient was discharged from the hospital some weeks later, without gly- 
cosuria, receiving an adequate diet and onh 15 units of insulin daily The 
aspbasia did not clear up 

Case 51 A poorlv nourished female, aged 50 first admitted to the hospital 
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m July, 1923, with a moderately severe diabetes which was controlled by a diet 
containing 50 gm of protein, 175 of fat and 75 of carbohydrate, with 15 units of 
insulin daily She did not adhere strictly to this diet, glycosuria recurred and 
increased in spile of increasing doses of insulin In September polyuria, poly- 
dypsia and w'cakncss developed and one day, while shopping, she fainted On 
November 15 she had a sudden attach of abdominal pam and vomited The 
pain and vomiting persisted and she became increasingly drowsy She was 
brought to die hospital November 19, mentally clear, but ex Lremcly drowsy and 
exhausted, markedly dehydrated, respirations deep and somewhat rapid, pulse 
rapid, but regular There was some pam and tenderness m the epigastrium, but 
no other signs of organic disease The blood count showed 6,100,000 red blood 
cells and 13,200 leucocytes woth 76 per cent polymorphonuclear neutrophiles 
Her unne contained 7 6 gm per liter of sugar, large amounts of acetone and 
diacetic acid, a trace of albumin and a few hyaline casts The first blood was 
taken at once 

The patient was immediately given insulin and a hypodennoclysis of 1000 cc 
of normal saline solution At the same time dilute sugar solution was adminis- 
tered by mouth with frequent doses of insulin By the next morning, when the 
second sample of blood was examined, her mental condition was clearer and she 
was breathing more quietly Her unne contained about 20 gm of glucose per 
liter, but considerably less acetone 

The administration of large amounts of fluid, carbohydrate and insulin was 
continued and by the morning of November 21, when the third blood was taken, 
respirations were normal and the unne free from acetone, although it still contained 
4 per cent of sugar She still vomited small amounts occasionally 

After this she improved steadily Vomiting and other symptoms disappeared 
and she was able to resume a mixed solid diet When the fourth blood was taken, 
November 27, she was receiving a diet containing 55 gm of protein, 200 of fat and 
70 of carbohydrate, with 120 units of insulin daily, and her unne showed no 
acetone nor diacetic acid and only an occasional trace of sugar At this time she 
weighed 56 7 kilos 

When the fifth blood was taken she was receiving the same diet, but only 70 
units of insulin 

After she left the hospital she was forced to increase her insulin to 130 units 
daily, but on this regime and m spite of frequent dietary lapses she remained 
aglycosunc and free from symptoms In July she tried to reduce the msulm but 
glycosuna and weakness at once developed About the same time she developed 
a furuncle on her leg which temporarily reduced her tolerance further In the 
middle of August she again cut down her dosage of insulin against advice Two 
weeks later she began to suffer from weakness and increasingly frequent attacks of 
dizziness, cardiac palpitation and breathlessness, occasionally resulting m syncope 
On September 5, after one of these attacks she was suddenly seized by abdominal 
pam and a little later vomited From that time until she entered the hospital at 
10 p m the next day, September 6, she vomited continuously 
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Blood was taken as soon as she entered the hospital She vas drowsv and 
complained of continuous nausea, extreme thirst and slight abdominal pain She 
was extreme!} dchvdratcd, her respirations were somewhat rapid, ver} deep, 
and interrupted at frequent intervals b} retching and vomiting Her pulse was 
rapid and quite irregular, apparent!} because of the occurrence of frequent extra- 
systoles her heart sounds weak, distant and extremel} irregular Her lungs were 
clear, the abdomen cv crvwhcre tender, but not resistant Her unne contained 2 1 
per cent of sugar onh 0 02 per cent of sodium chloride, and gav e a heav> reaction 
for acetone She recciv cd at once 1000 cc of normal saline and 500 cc of 5 per 
cent glucose solution subcutaneoush together with 40 units of insulin and was 
allowed water and sweetened orange juice b\ mouth 

At 1 a m September 7, her condition was little improved so another 40 units 
of insulin w as gn cn, followed bv two 20 unit doses at 3 and at 7 a m The second 
blood was taken at 9 a m B\ this time nausea and abdominal pam were less 
se\ ere, her pulse was slow er and more regular, the respirations somewhat quieter 
She complained of se\ ere headache and % omited at interv als Her unne contained 
2.5 per cent of sugar, 0 02 per cent of XaCl and much acetone Dunng the dav as 
■vomiting continued, another hvpodermoch sis of 1000 cc of saline and 500 cc of 
5 per cent glucose was gn en and peroral fluids were limited to 50 cc. of water ev erv 
half hour This checked the vomiting and b} midnight she seemed greatl} 
improv edL 

The third blood was taken at 9 a m , September 8 \t this tune, although her 
unne still contained 2.3 per cent of sugar and gave a heavw reaction for acetone, 
her respirations were normal, pulse regular, and v omiting had ceased Improv e- 
ment continued throughout the da} and it proved possible to increase the diet 
somewhat In spite of large doses of insulin sugar disappeared from the unne at 
intervals onl} 

Earl} in the morning of September 10, she got out of bed without permission 
and at once became dizzy and vomited Cardiac palpitation and abdominal 
cramps soon developed, she vomited once or twice more and within an hour pre- 
sented air hunger and all the other evidences of severe acidosis B} 10 a m , 5 
hours after the onset of the attack, when the fourth blood was taken she was again 
ov en entflating, her pulse was rapid and weak, she appeared debv drated and com- 
plained of extreme thirst Diet was stopped, she was gn en an enema and allowed 
onl} small doses of orange juice and water bj mouth \ omitmg ceased rapidly 
and b} the newt morning she was greatl} improv ed and able to resume her diet in 
frequent, small feedings 

On the night of September 11, she had an attack of cardiac palpitation and 
dvspnea At 5 a m the next day, September 12, she was awakened bv severe 
abdominal cramps and a bttle later v omited a large amount of v ellowish fluid 
The symptoms this time subsided rapidlv B} 9am, the pam had subsided. 
Although she had not v omited again she exhibited evident hvperpnea Improv e- 
ment now proceeded rapidlv On September 13 the unne finallv became free 
from sugar and acetone. Dunng the night she had a slight attack oi palpitation 
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which caused the appearance of considerable sugar and acetone m the next speci 
men of urine voided Otherwise recovery was uninterrupted 

The three last examinations of blood were made .before breakfast on the days 
indicated in table 2 and mark the progress of convalescence She was finally 
discharged from the hospital October 7, aglycosuric, receiving a diet containing 
60 gm of protein, 200 of fat and 100 of carbohydrate and 90 units of insulin 
daily" 

An attempt is made in table 3 to present the metabolism data in abstract form 

Case 52 An emaciated male, aged 36, first admitted to the hospital February 
8, 1924 Three months earlier he had been suddenly seized wuth sharp, cramp- 
like pains in the upper part of the abdomen, which lasted about 24 hours Im- 
mediately after this he developed extreme thirst and polyuria, which lasted about 
a w'eek, gradually diminishing m intensity, attended by rapid loss of weigh t and 
strength (On February 5 he vomited again once and had a recurrence of diabetic 
symptoms ) During the first w eek of his illness he lost 14 kilos and subsequently 
had lost another 10 

When he entered the hospital he complained especially of anorexia and extreme 
weakness He appeared seriously ill, emaciated and dehydrated, with moderate 
hyperpnea Except for the presence of pyorrhea and several bad teeth, examina- 
tion revealed no evidences of any organic disease other than diabetes His unne 
contained large amounts of sugar and acetone The first blood was taken the 
next morning when his condition w r as practically unchanged and he had received 
nothing but non-nutntive fluids He w r as given orange juice and water with large 
doses of insulin at frequent intervals throughout the day and, bv the next morning, 
February 10, when the second blood was taken, his condition was greatly im- 
proved, his unne w as free from sugar and gave only a moderate reaction for acetone 
and he felt able to take a regular diet He was accordingly ordered 50 gm of 
protein, 150 of fat and 100 of carbohydrate daily and insulin was adjusted as rapidly 
as possible Under these circumstances his weight mcreased at the rate of a 
pound a day for tun w'eeks, at the end of which time he presented shght edema 
of the ankles The diet was subsequently mcreased and insulin dosage reduced as 
he improved and he w r as finally discharged from the hospital on March 7, aglyco- 
sunc, receiving a diet which contained 50 gm of protein, 200 of fat and 100 of 
carbohydrate, without insulin The third blood w r as taken when he w r as m 
excellent condition, free from edema and glvcosuria 

After he left the hospital he was careless about his diet and habits He also 
had a few' mmor disorders of digestion His carbohydrate tolerance diminished 
and he was forced to first resume and then to increase insulin therapy until he w r as 
taking 40 units a day 

November 9 he did not feel well and w'as unable to eat any supper At 3 a m 
the next morning he awoke nauseated and vomited Almost immediately he 
developed se\ r ere epigastric pam From that time until he entered the hospital, 
at 2 p m the pain persisted and he vomited every time he tried to take anything 
by mouth For 3 days preceding this attack he had been eating and drinking 
carelessly and had been without insulin 
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hen lie entered the hospital and the first blood was taken he appeared desper- 
atch ill, semi-stuporous, emaciated and dehydrated, with extreme hyperpnea, 
rapid, weak pulse, a temperature of 99°F , systolic blood pressure 112 The 
abdomen was everywhere rigid, and there was an area of marked tenderness just 
to the left of the naval His blood count showed 5 6 million red blood cells and 
30,000 leucocytes w ith S6 per cent polymorphonuclear ncutrophiles The urine 
contained a moderate amount of albumin, many granular casts, 3 5 per cent of 
sugar and considerable acetone 

He was given immediately 1000 cc of normal saline and 500 cc of 5 per cent 
glucose solution by hypodermoclysis with 40 units of insulin Urine was collected 
as frequently as possible, and, as gfycosuria persisted, 2 additional 20 unit doses of 
insulin w'ere given in the course of the afternoon By 6 p m the abdominal pam 
and tenderness had disappeared, but he was still partially stuporous and his 
respirations were still greatly exaggerated He had vomited coffee-ground ma- 
terial twice From this time on until the next morning he received 20 units of 
insulin every tw r o hours and 5 gm of carbohydrate in the form of sweetened orange 
juice and w'ater every half hour The second blood examination was made at 
10 p m that night and the third at 8 30 am the next morning Urinary sugar 
had not diminished, but ketonuna had practically disappeared by this time 

From this time on his condition improved steadily Vomiting did not recur 
He was able to resume his diet and glycosuria disappeared He was finally dis- 
charged from the hospital on December 4, aglycosunc, receiving a diet containing 
protein 60 gm , fat 200 gm , and carbohjxirate 100 gm with 60 units of insulin 
daily 

Up to the time of the third examination, before breakfast on November 13, he 
had received only sweetened orange juice, two slices of bread, a small amount of 
milk and cream and one cup of soup The total salt content of the diet must, 
therefore, have been minimal 

Case 53 A male, aged 33, was admitted to the hospital March 26, 1924, for 
the treatment of glycosuria and diabetic symptoms which had developed quite 
suddenly a few weeks earlier (The patient had a bilateral herniotomy performed 
in this hospital m November, 1923 At that time urine both before and after 
operation was free from sugar ) He appeared comparatively well nounshed, but 
somewhat dehydrated, and complained of continuous thirst and polyuna Exami- 
nations, including x-ray of the chest and examination of the sputum, revealed no 
evidences of any organic disease other than diabetes His unne contained large 
amounts of sugar and acetone The first blood was taken the next morning, when 
his condition was practically unchanged The second was taken two days later 
By this time, with insulin and dietetic treatment, his general condition had im- 
proved greatly, he had gamed 5 pounds in weight and his unne contained only a 
trace of sugar and a moderate amount of acetone Improvement continued 
uninterrupted and he was discharged on April 18, aglycosunc, receiving a diet 
containing 70 gm of protein, 200 of fat and 100 of carbohydrate, with 10 units of 
insulin daily 
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After he left the hospital he continued his treatment with excellent results for 
some time. About the first of Januarv , 1925, he stopped taking insulin Polvum 
and pohdypsia returned and began to increase steadilj m intensitv In a few 
weeks he lost 2 7 kilos of weight In spite of this he became more and more careless 
of his diet and continued without insulin About the middle of Februan he 
developed a productive cough which grew continuous]} more severe March 18 
weakness and chillv sensations appeared and two da>s later substemal pain 
The next da> he had a distinct chill, vomited several times, and gradual!} sank 
into a stupor He was brought to the hospital in deep coma March 22, extremel} 
debvdrated, with maximal respirations, cold and somewhat cyanotic, with sub- 
normal temperature, rapid, weak pulse, a systolic blood pressure of onlv 80, his 
throat inflamed and edematous, and dulness, suppressed breath sounds and 
showers of riles over the whole right chest below the third rib His blood count 
showed 5 2 million red blood cells and 11,700 leucocvtes with 83 per cent pol}- 
morphonuclear lcucocv tes, tubercle baalli were found in his sputum and subse- 
quent x-ra} examination revealed an extensive lesion of the right lung His 
urine contained large amounts of sugar and acetone, a trace of albumin and many 
granular casts 

The first blood examination was made at once and he was immediatel} giv en 30 
units of insulin and 200 cc. of orange juice followed short!} bv a hypodermocl} sis of 
1000 cc of normal saline and 500 cc. of 5 per cent glucose solution and another 30 
units of insulin Dunng the remainder of the night he recerv ed 80 units of insulin 
in addition and 120 gm of carboh}drate m the form of sweetened orange juice 

The next morning he was giv en another bypodermodysis of 1000 cc. of saline 
and 500 of glucose solution and m the afternoon an additional 1000 cc of 5 per cent 
glucose. B} 2 p.m. he began to respond to questions This da}, March 23, 
besides the fluids administered subcutaneousl} , he received about 200 gm of 
carboh} drate and a minimal amount of protein and fat in the form of orange juice, 
lactose, m il k and cream He was grv en 70 units of insulin in the 24 hours 

The next morning, March 24, when the second blood was taken he had improved 
greatly His unne contained onl} a moderate amount of sugar and no atetone 
His respirations were quiet and normal and he was more rational His diet was 
varied somewhat b} the addition of eggs and he was given less insulin B} the 
following morning he was quite rational and able to take a diet containing 60 gm 
of protein, 150 of fat and 100 of carboh} drate 

The mormng of the 27th when the last blood was examined, he was receiving this 
diet. His unne at the time of the venipuncture contained considerable sugar but 
no acetone 

His temperature, which had been subnormal when he entered the hospital, rose 
to 100°F , on the second da} and remained somewhat elevated for about a week, 
when it fell to normal The general condition of the patient and his tolerance for 
carboh} drate improved so much that he was able at one time on a diet containing 
protein 75 gm , fat 250 gm and carboh} drate 125 to reduce ins ulin to 10 units a 
da} without the appearance of gl}cosuna 
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Throughout this paper the term acidosis is used m the sense m which 
it was employed by Van Slyke and Cullen (1) to define “a condition in 
which the bicarbonate of the blood is reduced below the normal level 11 
They have pointed out that the bicarbonate represents the excess of 
base which is left after all of the non-% olatile acids ha\ e been neutral- 
ized and that this is the base a\ ailable for the immediate neutralization 
of any further increments of acids 
Acidosis is an almost constant feature of the later stages of chrome 
interstitial and arteriosclerotic nephritis In a series of such cases 
the inorganic constituents of the serum have been determined m order 
to obtain some indication of the cause of the acidosis Studies of 
other types of kidney insufficiency hare not been included in this 
report. 


EXPERIMENTAL PROCEDURE 

In most cases arterial blood was obtained m tie morning before breakfast and 
the plasma or serum separated at once without exposure to air In a few cases 
plasma obtained from venous blood collected without stasis was used In a few 
other cases renous blood was saturated at 38°C with COe at 40 mm pressure 
and the plasma then obtained The deter min ations in earlier studies were made 
on plasma from osalated blood while later ones were on serum Blood in these 
later studies was defibnnated b> contmuousl> inserting and reimerting the- 
samplmg tube containing the blood and a small amount of mercury T\ ith care 
serum can be obtained m this way without hemolysis Further details of the 
technique used m handing blood hate been described in previous articles (2). 
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Total base was determined by Cullen and Robinson’s' adaptation of Fiske’s 
unne method Chloride was determmed by Austin and Van Slyke’s (3) method in 
earlier studies and Van Slyke’s method (4) in later studies, CO 2 by Van Slyke and 
Stadic’s method (5) and phosphate by Briggs’ (6) or Benedict and Theis’ (7) modifi- 
cation of Bell and Doisy’s method The protein was calculated from the nitrogen 
determination by the ordinary Kjeldahl method corrected for the non-protein 
nitrogen The non-pro tem nitrogen as determmed on whole blood was used for 
this correction instead of actual plasma figures The error incurred by this pro- 
cedure is slight 

Base combined with protein at any given pH was calculated by the formula 
devised by Van Slyke, Wu and McLean (8) from expenmen tal data In calcu- 
lating the base combmed with phosphate it was assumed that in each sample of 
plasma or serum mono-basic and di-basic phosphate were present m the ratio 
1 4 Theoretically this ratio vanes somewhat according to the pH The error 
involved in neglecting these variations is slight In an extreme case with 15 mg 
of inorganic phosphate per 100 cc of serum and a pH of 7 00 the base combmed 
with phosphate calculated by this method u ould be one millimol too high In the 
cases where pH was not determmed and the CO 2 tension was not known, a pH of 
7 35 was arbitrarily assumed m calculating the dissolved CO. and the base com- 
bmed with protem 


EXPERIMENTAL RESULTS 

Besides the reduction of bicarbonate one frequently finds a reduc- 
tion of plasma chloride The frequency and degree of this reduction 
is illustrated in table 1 (The values throughout these tables are 
expressed in mM of base-combining capacity ) In normal subjects 
the chloride fell between 100 and 110 mM , in 77 determinations in 
nephritis much greater variations were encountered In over one- 
half of the determinations chloride was distinctly below normal, m 5 
above normal The magnitude of the chloride deficit frequently 
exceeded the total capacity of bicarbonate 

Table 2 shows the variation m the base bound by bicarbonate, 
chloride and protem combmed, the 3 most significant acids of normal 
plasm Normal subjects varied between 135 and 145 mM Low 
values were found m 66 out of 77 determinations on cases of nephritis 
and m more than one-half the reduction was considerable 

Retention of phosphate has commonly been considered an im- 
portant factor m the production of acidosis in chronic nephntis 
In table 3 are recorded 46 determinations which also included the 
base bound with phosphate High phosphate was found m most 


1 Personal communication 
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of these cases but the phosphate increases were quite insufficient to 
bring the sums of the acids to normal In 35 out of 46 determinations 
base combined with bicarbonate, chlonde, protein and phosphate 
i\as definitely reduced 

Total base as m ell as the acids already enumerated hat e been deter- 
mined 25 times m nephritis Serum being practically neutral, the 


TABLE 1 

Chloride -anahon in drome nephritis 



vmrBT.x or 

DETOMINATIONS 

vtura or cases 

Lams or 
VARIATION 




mlf 

Normal 



100 0-110 0 

Nephntis, total 

77 

28 

67 3-127 1 

Nephntis 


5 

67 3- 80 0 

Nephntis 


9 

80 0- 90 0 

Nephntis 


11 

90 0-100 0 

Nephntis 

26 

13 

100 0-110 0 

Nephntis 

5 

4 

110 0-127 1 


TABLE 2 

Variation of base combined jrth bicarbonate chlonde and protan 



vmtBEit or 

DETEmO, ATIONS 

vtubek or cases 

LOOTS or 
VARIATION 

Normal 

Nephntis, normal 

77 

2S 

tnlf 

135 0-145 0 

91 0-150 1 

Nephntis 

6 

5 

91 0-105 0 

Nephntis 

12 

S 

105 0-115 0 

Nephntis 

23 

11 

115 0-125 0 

Nephntis 

23 

13 

125 0-135 0 

Nephntis 


8 

135 0-145 0 

Nephntis 

■at 

2 

145 0-150 1 


sum of the total acids must equal the base Base may be con- 
sidered a measure of the total electrolyte concentration In normal 
subjects base has varied between 150 and 165 mil In the 25 deter- 
minations on cases of nephritis it has been definitely reduced in 12 
and above normal in three (table 4) A reduction of the total elec- 
trolyte le\ el is therefore one factor in the mechanism producing 
acidosis and low chlonde m nephntis 
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Gram (9) found the freezmg point of sera from cases with uremia 
ldwer than normal, indicating to him an increase in osmotic pressure 
Associated with this he found a decrease of chloride and electrical 
conductivity He suggested that there was a decrease of electrolytes 
m the serum to compensate for the osmotic effect of the increase of 
nitrogen waste products In this series no clear relationship can be 
established between the amount of base and the level of non-protein 
nitrogen 

The question arises to what extent other undeter min ed acids may 
have replaced bicarbonate and chloride from combination with base 
This is indicated m table 5 which is a study of the difference between 
the total acids determined and the total base This difference m 


TADLE 3 

Variation of base combined imth bicarbonate , chloride, protein and phosphates 



NUMBER OF 
DETERMINATIONS 

NUMBER OF CASFS 

LIMITS OF 
VARIATION 




mil 

Normal 



136 0-148 0 

Nephritis, total 

46 

16 

100 7-152 6 

Nephritis 

3 

1 

100 0-115 0 

Nephritis 

11 

6 

115 0-125 0 

Nephritis 

21 

10 

125 0-135 0 

Nephntis 

11 

s 

135 0-152 6 


normal subjects has always been less than 20 mM Out of 25 deter- 
minations m this type of nephritis it was greater than 20 in eighteen 
In this we have an additional and important factor producing the low 
bicarbonate and chloride If, as Denis (10) has suggested, high sul- 
fate is of common occurrence among these cases, part of the augmented 
acid defiat presumably represents sulfate This can hardly account 
for the total and one is forced to the conclusion that organic acids 
must also play a part 

It seems clear therefore that more than one factor is active in the 
mechanism producing aadosis in chronic nephritis Retention of 
phosphate is almost invariably present m the later stages of disease 
Increase in serum phosphate plays a significant role m reducing the 
base available for bicarbonate but in the majority of cases this is not 
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the most important factor The diminution of total base is frequenth* 
quite striking and in addition there is evidence of a marked increase 
in organic acids 

Marrack (11) has made a study of the inorganic constituents of sera 
from cases of chrome nephritis He determined on!} the bicarbonate 
chloride, phosphate and sodium but this was sufficient to indicate 

TABLE 4 


I ariahon of total base in chronic ncphnlts 



VC1EBEB. Or 
DETTRin> ATXO VS 

VU1EBTR Or CASTS 

l nr its or 
\ AS-IATIOV 




mlf 

Normal 



150 0-165 0 

Nephritis, total 

25 

13 

135 1-199 2 

Nephritis 

5 

2 

135 1-'4 C " 

Nephntis 

7 

6 

145 0-150 0 

Nephritis 

10 

6 

150 0-165 0 

Nephntis 

3 

2 

165 0-199 2 


TABLE 3 



I anatton of undetermined acids in i 

chronic nephntis 



STHBER or 

| DCTTEWLSATIOVS 

VUlOtER or CASTS 

Lmrrs or 
\ AStlATIO 




mil 

Normal 



. Less than 20 

Nephntis, total 

25 

13 

46 6- 6 1 

Nephntis 

6 

6 

46 6- 30 0 

Nephntis 

7 

7 

30 0- 25 0 

Nephntis 

5 | 

5 

25 0- 20 0 

Nephntis 

7 

6 

Less than 20 


changes similar to those described here He belieied the most 
important factor causing the acidosis was an increase of undeter- 
mined anions In a few cases low taffies for sodium were found 
Fiegl (12) and later Denis and Hobson (13) made studies of the 
cations of sera from cases of chronic nephritis which did not show an\ 
very marked changes Two cases of uremia studied by Sail esen and 
Linder (14) had total base wi thin normal limits 

The variations of these different factors are best shown by a stud}* 
of individual cases These also sen e to illustrate the great influence 
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TAUT E 6 

Variation of total base and base combining poucr of the different acids in individual eases of 

chronic nephritis* 




BLOOD 

BASF 

BOUND 

B\ 

TROTEIN 

B\SF 






CASE 

D\TT 

NON 

PROTEIN 

NITRO 

GEN 

BOUND 

B\ 

INOR 

GANIC 

V 

Cl 

HCOa 

DETER- 

MINED 

ACIDS 

TOTAL 

BASE 

UN 

DETER 

MINED 

ACIDS 


1925 

ms 

per cent 

mM 

mM 

mM 

mM 

mM 

mM 

mM 

f 

January 30 

170 

9 5 

6 2 

75 6 

23 0 

114 

138 

24 

35805 { 

February 3 

210 

9 8 

9 I 

70 6 

18 7 

108 

136 

2S 

{ 

February 5 

242 

7 2 

9 7 

67 3 

16 6 

101 

135 

34 


1924 









[ 

October 9 

93 

11 2 

3 5 

91 6 

21 1 

127 

138 

11 

34802 { 

October 14 

126 

13 1 

5 1 

79 7 

21 6 

119 

142 

23 

l 

October 22 

159 

12 2 

5 4 

82 7 

17 4 

118 

145 

27 

33049 | 

April 26 

234 

9 8 

7 2 

86 9 

12 8 

117 

146 

30 

April 30 

272 

9 9 

9 0 

86 9 

11 8 

118 

148 

30 


1925 









35795 

January 30 

240 

11 6 

5 2 

92 2 

8 7 

118 

146 

28 


1924 









35344 | 

December 4 

215 

12 6 

3 8 

109 6 

6 0 

133 

150 

17 

December 5 

223 

11 6 

4 2 

103 8 

6 3 

126 

152 

26 

39242 | 

November 7 

85 

11 5 

3 0 

109 6 

19 9 

144 

162 

18 

November 14 

85 

11 6 

3 7 

109 8 

18 8 

1 144 

150 

6 

35558 

December 31 

288 

11 S 

5 8 

111 8 

3 4 

133 

164 

31 


1923 









14118 

December 9 

198 



127 1 

13 1 




15071 

December 13 

91 



120 0 

12 0 





1924 










Apnl 7 

134 

9 3 

3 7 

93 8 

15 0 

122 



29796 • 

April 14 

164 

8 5 

3 4 

93 4 

19 7 

125 



Apnl 23 

190 

9 5 

5 2 

87 2 

24 3 

126 

162 

36 

. 

Apnl 25 

194 

10 1 

5 8 

83 5 

22 3 

122 

151 

29 

( 

March 18 

107 

11 7 

4 4 : 

107 4 

13 6 

137 



29636 \ 

March 26 

133 

11 5 

5 5 

96 5 

15 7 

129 



1 

Apnl 18 

SI 

12 9 

3 9 

88 8 

26 3 

132 

148 

16 


* All determinations were on serum obtained without exposure to air except those on 
cases nos 14118 and 15071 where oxalated blood was saturated at 38°C with COj at 40 
mm tension and the plasma then obtained 
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chloride \ ariations ha\ e on the degree of acidosis A few case studies 
are shown m table 6 They are discussed in the order in which they 
occur m the table As in the previous tables, \alues are expressed 
m millunols of base-combining cap a at} Blood non-protein nitrogen 
is shown in the third column The base equivalent of the chloride, 
bicarbonate, phosphate and protein combined is placed m column 8 
under the heading “determined aads ” “Undetermined aads,” in 
column 10 is simpl} the difference between the total base and the 
determined acids 

The first patient (no 3580S) w as a } oung man, 24 years old, who 
presented a typical picture of chronic interstitial nephritis He had 
been "vomiting almost constantly for 3 weeks and at the time of 
admission was obviousl} extremel} ill Vomiting continued , he grev 
progressive!} worse and died after being in the hospital one week 
In the 3 studies which were made the total base of the serum re- 
mained constantly low The total determined aads were low and 
decreased steadily at the expense of chloride and bicarbonate In 
addition to the low base there was a definite and progressive increase in 
undetermined acids, during the u eeh before death The relationship 
of chloride to bicarbonate is worthy of speaal note The chloride 
was extremely low, the reduction probably exaggerated by vomiting 
As a result bicarbonate was not nearl} as low as it might otherwise 
have been In this case we should conclude that the aadosis was 
caused by both a decrease in total base and an increase in the un- 
determined aads and phosphate but was masked to a large extent 
by the extremely low chloride 

The second patient (no 34802) was a woman, 65 years old, with 
chronic nephritis who had been vomiting quite frequently for se\ eral 
weeks The blood examinations were made during the two weeks 
before death Vomiting recurred at frequent intervals throughout 
this period The changes m the blood electrolytes are similar to 
those of the first case The total base was low but increased some- 
what During the same period the total aads decreased This 
resulted m a steady increase m the undetermined aads Inaeasing 
aadosis was not assoaated with increasing phosphate In this case 
the aadosis was again mitigated by the low plasma chloride 

The next case (no 33049) was a woman, 50 } ears old, with sei ere 
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symptoms who had been vomiting frequently for about 2 weeks 
The blood examinations were made 5 days and one day before death 
She also had low total base and high undetermined acids Between 
the two blood examinations, m spite of the administration of 2000 cc 
of physiological saline subcutaneously, total base remained prac- 
tically unchanged 

The next patient (no 35795) was a young woman, 26 years old 
with a marked exaggeration of symptoms during the preceding 3 weeks 
accompanied by frequent vomitmg The findings were similar to 
those of the last case except for the presence of higher chloride, 
associated with lower bicarbonate 

In another similar case (no 35344) the symptoms were of shorter 
duration and the vomiting less severe This young woman, 27 years 
old, had had definite symptoms for only 2 weeks and had only occasion- 
ally vomited The reduction m total base and increase m undeter- 
mined acids were less marked than those of the previous case but very 
low bicarbonate w r as again associated with high chloride 
The next case (no 39242) presumably had marked renal disease 
of a chronic type with no evidence of severe renal decompensation 
She had been practically free from symptoms but showed arterio- 
sclerosis, hypertension, albuminuria and very low phenosulfoneph- 
thalem excretion Here, though the total base and acids were 
normal there was again a recession of bicarbonate in favor of chloride 
Case 35558 had severe symptoms for only 3 days without vomitmg 
The findings are m striking contrast with the studies on the first four 
cases presented Total base was normal, but phosphate elevated and 
undetermined acids high Under these conditions high chloride was 
associated with extremely low bicarbonate The course of the 
disease appeared quite different from that of the preceding cases 
He grew rapidly worse, gradually passed into coma and died after 
being in the hospital 48 hours It is difficult to avoid the conclusion 
that vo mitm g has been the important factor causmg the variations of 
chloride and secondarily, variations in the degree of acidosis 

The next two cases (nos 14118 and 15071) had extremely high 
chloride In both cases bicarbonate was low, the sum of chloride and 
bicarbonate remaining within normal limits 

The last 2 cases illustrate the changes which followed sodium bicar- 
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bonate treatment of acidosis In the first case (no 29697) the in- 
creasing bicarbonate w as associated with a decrease of plasma chlo- 
ride, the total determined acids changing \ ery little In the third 
examination the total base was normal but the undetermined acids 
high During the 2 da} s between the last 2 examinations the patient 
grew rapidl} worse and died 48 hours later During this period he 
received no sodium bicarbonate and was not -vomiting Total base, 
bicarbonate and chloride all decreased and the undetermined acids 
remained ele\ ated 

The last case presented similar phenomena Between the first and 
second blood ex animation the patient -vomited for set eral da}s 
Within this period there was a marked fall of plasma chloride and a 
shght increase of bicarbonate During the 2 weeks preceding the 
third examination he recerved 56 grams of sodium bicarbonate 
Chloride receded as bicarbonate increased, the reciprocal alterations 
of the two acads were almost equrmolecular After bicarbonate the 
total base remained relatrv ely low 

% 

summary 

It appears that a reduction of total base and an increase of un- 
determined acids are the most significant factors causing acidosis m 
chrome interstitial and arteriosclerotic nephritis, phosphate playing 
a somewhat less important role The degree of acidosis appears 
to be greatly influenced by -v anations of plasma chloride Frequently, 
espeaall} m the presence of vomiting chloride may be quite low, thus 
freeing base to combme with bicarbonate and resulting m only a shght 
reduction of C0 2 With high chloride bicarbonate may be extremely 
low These studies emphasize the profound changes which occur 
m the blood electrolytes m the ter min al stages of chrome nephritis 

CASE HISTORIES 

Case 35805 A man 24 > ears old had good health until 2 months before admis- 
sion to the hospital but since then blurring of vision, loss of weight, headache, 
■weakness and verj frequent attacks of vomiting Three days before entering the 
hospital there was a sudden onset of shortness of breath and palpitation followed 
b> swelling of the legs For 48 hours he had v oided no unne He appeared quite 
ill with some orthopnea and hvpeipnea He was pale and his face appeared pufn 
There was a marked albuminuric retinitis The lungs were clear His heart was 
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considerably enlarged and rapid The systolic blood pressure was 226, and 
diastolic 14S There was slight edema of the ankles The temperature was con- 
tinually normal His urine showed considerable albumin, a few hyaline casts and 
occasional red blood cells The first arterial blood study was made the morning 
after he w'as admitted \ omiUng ceased for almost 24 hours but soon set m 
agam and persisted with great frequency until just before death On the second 
day pericarditis developed Water and nutrient fluids were to a large extent 
vomited He died after being in the hospital one w’cek Further examinations of 
the arterial blood were made 3 days and one day before death Following the 
second blood examination he w r as given 1300 cc of saline by hypodermoclysis 

Case 34802 A woman 65 years old had had hypertension with headache and 
cardiac symptoms for 3 years Some dimness of vision had been developmg 
and later weakness and pallor For several w eeks before admission to the hospital 
she had been vomiting even’ mommg Apparently vomiting had been vomiting 
had been growing more frequent She was stuporous and appeared quite un- 
comfortable Respirations w ere deep and rapid She show ed pallor of the shin 
and mucous membranes and definite albuminuric retinitis Her heart was 
moderately enlarged and arteries markedly thickened The systolic blood pressure 
was 210 and diastolic 100 The lungs were clear The liver was moderately 
enlarged Her face appeared puffy but there was no edema anywhere Tempera- 
ture was normal until a rise 24 hours before death She entered the hospital 
October 8, grew' progressively worse and died October 26, 1924 The first blood 
study was made on the mommg after admission Vomiting recurred at frequent 
intervals throughout her course in the hospital The vomitus contained no free 
HC1 but on various examinations sodium chloride in concentrations of 2 to 4 grams 
per litre Further blood studies were made on the 7th and 15th days During 
the 3 days before death she was comatose with increasing respirations She 
received 3 grams of sodium chloride on each of the 2 days preceding the third 
blood examination 

Case 33049 A woman 50 years old had not been well for several years About 
a month before admission she had an acute upper respiratory tract infection and 
about a W'cek later began to vomit Vomiting grew progressively worse and she 
had eaten practically nothing and had taken very little fluids for two weeks 
During the two weeks before entering the hospital she had definite cardiac symp- 
toms Her legs had been swollen for a few days but this disappeared before 
admission She was said to have passed no unne for 2 weeks She was stuporous 
and had a pasty yellow pallor The respirations were deep Her neck veins were 
distended and she had rfiles at the bases of both lungs The heart was slightly 
enlarged and artenes moderately thickened The liver was enlarged The 
systolic blood pressure was 198, diastolic 110 There was slight edema about the 
ankles and forearms The urine showed considerable albumin, a few red blood 
cells and granular casts She grew progressively worse and died after being in the 
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hospital 6 davs. The blood was studied 5 da\s and one day before death On 
the da\ before the second blood stud} she receded 1000 cc of saline b\ hypo- 
dermoclysis 

Case 35795 A girl 27 v cars old had always felt below par and for 3 > ears had 
complained of headache, weakness and spells of \omitmg Three weeks before 
admission to the hospital weakness and vomiting increased and d>spnca and 
pericardial pains dev eloped She had been v omiting once or twice each da> She 
looked very old for her age and was emaciated and markedl} underdeveloped 
She was semi stuporous, cyanotic and orthopncic. Respirations were deep 
There was considerable brownish pigmentation about the face and neck, hyper- 
tension, marked arteriosclerosis and evidences of cardiac failure Slight edema 
was present about the ankles After entering the hospital she grew progressively 
worse, \ omiting almost continuoush, and died on the 4th da} after a convulsion 

Case 35344 A girl 27 v ears old who had always had rather poor health had an 
attack similar to the present illness 7 \ ears before Two weeks before entering the 
hospital she began to suffer from headache, dizziness, insomnia, unnar} frequenev 
and \ omiting These symptoms grew progressrv el} more sev ere Dyspnea and 
palpitation dev eloped Twent} -four hours before admission she had a convulsion 
and had been comatose since Her respirations were regular, rapid and fairl} 
deep There was marked pallor and puffiness of the face Her heart and lungs 
were negative The systolic blood pressure was 215, diastolic 115 The arteries 
were sbghtl} thickened Her e}e grounds showed no exudate and there was no 
edema. The unne showed considerable albumin and man} casts but no red blood 
cells She graduall} grew weaker and died 28 hours after being admitted to the 
hospital Blood was examined at the time of admission and again 15 hours later 

Case 39242 A woman 30 y ears old apparently had had marked renal mv oh e- 
ment during a pregnancy 9 } ears ago Since then she had had no symptoms but 
her blood pressure remained moderatel} elevated and a marked albuminuria con- 
tinued She entered the hospital for one week for an inv estigation of her condition 
Phenolsulfonepbthalem excretion remained below 10 per cent. Two examinations 
of her blood were made while she was m the hospital 

Case 35558 A man 68 years old who had had very good health all of his bfe 
began to suffer from weakness and shortness of breath about a month before 
admission to the hospital There were no marked changes in his general condition 
until 3 day s before admission when he suddenly became quite irrational There 
had been no vomiting He was obese, sbghtl} cyanotic and breathing deeplv 
There was marked arteriosclerosis and hypertension and moderate enlargement of 
the liver His unne showed a trace of albumin and occasional red blood cell 
He gradually passed mto coma and died after being m the hospital 48 hours 
Blood was examined shortly after admission 
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Case 141SS An Italian laborer, 49 years old, had complained of headache and 
stomach trouble for several years During tins time he had had occasional attacks 
of vomiting, urinarv frequency and mild cardiac symptoms but no edema Symp- 
toms uere somewhat exaggerated just before admission to the hospital On 
examination he show'ed chiefly a marked brownish pallor of the skin, a slight 
increase in the depth of respirations and marked arteriosclerosis His eye grounds 
show ed no hemorrhages or exudate The systolic blood pressure was 150, diastohe 
100 There w r as no edema He grew rapidly worse, muscular twitchmgs de- 
veloped and later convulsions and coma He died after being in the hospital 
10 days 

Case 15071 A woman 53 years old had complained chiefly of dyspnea, palpi- 
tation and precordial pain on exertion for over 3 years For almost 3 months she 
had had weakness, anorexia and a productive cough Three weeks before admis- 
sion to the hospital she vomited after meals for several days This was followed 
by a typical attack of herpes zoster There w r as no marked exaggeration of her 
symptoms just before entrance to the hospital She was pale and undernourished 
and show'ed marked arteriosclerosis, hypertension and albuminuric retinitis 
There was no edema Her unne showed a low specific gravity, a trace of albumin 
and occasional hyalmc casts During the first month in the hospital there was 
definite improvement m her general condition Then vomiting set m and she 
grew steadily worse and died after being in the hospital 7 weeks The blood 
examination recorded here was made soon after admission 

Case 29796 A man 62 years old had had a stroke 5 years before from which he 
completely recovered Seven weeks before admission he began to suffer from 
shortness of breath on slight exertion and a little later his legs became 
swollen Edema gradually became marked, involving even his hands and face 
There was no history of vomiting before admission He was somewhat pale and 
slightly drowsy He looked dehydrated although edema involved almost the 
entire body There was sbght hyperpnea but no orthopnea His heart was 
moderately enlarged but not rapid The lungs show'ed signs of fluid at the bases 
The liver was moderately enlarged The arteries u r ere definitely thickened The 
systolic blood pressure was 210 and the diastohe 110 His eye grounds showed 
retinal hemorrhages but no exudate The unne showed a very heavy albumin 
reaction, low specific gravity and little of importance in the sediment Phenol- 
sulfonephthalem excretion was less than one per cent Blood Wassermann reac- 
tion 4+ Throughout his course in the hospital there were recurring attacks of 
vomiting Four blood examinations were made Between the first and second 
he received 21 grams of sodium bicarbonate, and between the second and the third 
25 grams During the 3 weeks he was in the hospital there was little change m 
his general condition until just before the last blood examination Sodium 
bicarbonate administration and vomiting had stopped Respiratory' distress 
became extreme and there was evidence of a rapidly failing circulation He died 
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48 hours after the fourth blood examination Autopsy showed marked arterio- 
sclerosis of the kidneys 

Case 29636 V man 38 y ears old was admitted to the hospital with a his ton of 
long standing hypertension with attacks of cardiac failure His symptoms just 
preceding admission were chiefly cardiac. He showed anemia, hypertension, 
cardiac enlargement and evidence of cardiac failure, without edema. His ere 
grounds showed hemorrhages and exudate He failed to lmprov e at first, growing 
progressn ely weaker and developing gastnc symptoms with nausea and vomiting 
These symptoms disappeared after a few days and he began to improv e The first 
blood examination was made the morning after admission, the second 8 days 
later During the 16 day s preceding the third blood examination he received 56 
grams of sodium bicarbonate (5 grains daily for 4 days and 3 grams daily there- 
after) He was discharged definitely improved after being in the hospital one 
month The patient died at home about one month later 
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OBSERVATIONS ON THE EXTRINSIC NERVOUS CONTROL 
OF THE AURICLES AND VENTRICLES IN COMPLETE 
AURICULO- VENTRICULAR BLOCK IN MAX 
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( From the Department of Medicine , Hex York L niversity Medical College, and 
from the Second (Cornell) and the Third (V Y b ) Medical 
Drnsions of Bellevue Hospital) 

(Recorded for publication \ugust 17, 1925) 

The influence of the extrinsic nerves of the heart on the smo- 
auncular node is well known (9a) In addition there is probably 
some direct effect on other areas in the heart With an uninjured 
conducting system, however, there are obvious difficulties in finding 
out how much of the extrinsic nerve control is exerted on the auricles 
and how much on the ventricles A study of the extrinsic nervous 
mechanism in complete aunculo-ventncular block is probably one of 
the best ways to attack this problem Cullis and Tribe (2) working 
on the hearts of rabbits, found that after section of the aunculo- 
'ventncular bundle, stimulation of the vagus produced no effect on 
the ventricles, whereas in the auricles the normal response was 
elicited By the use of atropine and pilocarpine they proved that 
no \agus fibres pass to the ventricles, and that the vagus effects m 
the intact heart were merely transmitted along the ordinary conduc- 
tion paths On the other hand, they found by direct stimulation 
of the sympathetic and the use of epinephnn that the \entncles 
have a nch sympathetic supply quite independent of the auricular 
innervation In dogs, the evidence seems to point m the same direc- 
tion Wiggers and Kata (9b) found, by the use of epinephnn, that 
the accelerators have a specific effect on the ventncular musculature, 
reducing the contraction penod Eyster and Meek (3) were able 
to show, by paralyzing the vagus before and after excision of the 
smo-auncular node, that the greatest chronotropic effect of the \ agus 
is upon the smo-auncular node 

In studies on man, recourse must obnoush be had entireh to 

227 



228 


NERVOUS CONTROL OF TIIE HEART 


drugs The literature on the subject consists mainly of reports of 
single cases, and the eflcct of the drug used, rather than the possible 
significance as to innervation Thus Hardoy and Houssay (5), 
Stnsower (8), and Fed (4) have reported that injections of epmephnn 
produce an increase m both the auricular and ventricular rates, in 
some cases the increase m ventricular rate exceeding by a consider- 
able number of beats the increase m auncular rate The vagal control 
has been studied by paralyzing the vagus endings with atropin 
Apparently, then, the aim of previous investigations on the human 
subject was the study of the drug effects and their possibilities as 
therapeutic agents m heart block rather than the study of cardiac 
innervation Therefore, we determined to investigate the nerve 
supply to the heart in a senes of cases of complete heart block, usmg 
drugs only as a means for this end 

Eight cases of complete aunculo-ventncular block were selected 
from the wards of Bellevue Hospital In order to study the sympa- 
thetic innervation varying doses of epmephnn were given to five 
patients and observations including clinical signs, blood pressures, 
and electrocardiograms were made By giving 3 to 5 mg of atropin 
sulphate the vagus endings can be paralyzed and results which are 
then free from any vagal influence can be noted 1 In four patients 
such an amount of atropine was given and observations similar to 
those mentioned above were made We attempted to stimulate the 
vagus endings, m one instance, by a full body weight dose of digitalis 
In order to see how much influence the vagus ordinarily exerted on 
the accelerator impulses, each of three patients was given an injec- 
tion of epmephnn (which had previously produced certain effects) 
while the vagi were blocked by atropin 

The normal auncular and ventncular rates and blood pressures of 
eight cases of complete heart block are shown m table 1 The 
figures indicate the rate and blood pressures at the times when the 
patients were at rest It is interesting to note that, as death ap- 

1 We arc using the term “vagus” synonymously with “parasympathetic 
nerves ” We real lze that both the sympathetic nerve trunk to the heart and the 
vagus contam both sympathetic and parasympathetic types 0 f nerve Atropin 
paralyzes the parasympathetic endings both in the vagus and in the sympathetic 
trunk 
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preached, the \entncular rate in patient I dropped from 30 to 9 
per minute, while m patient IV it rose from 34- to 84 per minute 
The aierage age of the eight patients is 62 years, the maximum 
being 73 years and the minimum 49 j ears The average ventricular 
rate is 31 per minute, the highest bemg 84 and the lowest 9 per min- 
ute The a\ erage auricular rate is 79, the highest bemg 93 and the 
lowest 62 per min ute The blood pressure ranged from a systolic 
pressure of 240 mm Hg to 124 mm Hg and a diastolic pressure of 
90 mm Hg to 50 mm Hg, the average bemg a systolic pressure of 162 
mm Hg and a diastolic pressure of 67 mm Hg 

TABLE 1 


Sumrrar\ of casrs 
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36 
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80 
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* Total \ entncular rate — includes four e-ctras\ stoles 


EFFECT OF EPDsEPHREs 

Epmephrm was administered in doses varying from 1 to 2 mg 
We avoided intravenous a dminis tration because of the fleeting 
action, accompanied by undesirable symptoms Previous to the 
injection of the drug control electrocardiograms and blood pressure 
readings were made Following the rejection, tracings were taken 
at frequent intervals 

A summary of the findings m seven cases is recorded m table 2 
The data indicate that subcutaneous doses of 1 to 2 mg of epi- 
nephnn increase the auricular and ventricular rates considerably, an 
increase which is not always associated with a uniform nse m blood 
pressure There is usually a greater change m the ventricular rate 


THT JOUBVjLl. Or CLERICAL IXTESnOXTJO'f TOT, II, VO 3 















230 


NERVOUS CONTROL OT THE HEART 


than in the auricular On three occasions the rise in auricular rate 
was preceded by a moderate fall 
Figure 1 shows a typical effect of the injection of epmephrm It 
can be noted that whereas the ventricular rate nses from 34 to 48 
(a third over “normal”) there is only a slight increase (68 to 70) 
in the auricular rate Thus, m this instance, stimulation of the 
sympathetic causes the greater effect on the ventricles and very 
little effect on the auricles This may be explained m one of two 


TABLE 2 

Summary of epmephrm effects 
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Remarks 

(1) Numerous ventricular premature contractions 10 mm after injection which per- 

sisted for about one hour 

(2) Ventricular premature contractions more numerous Persisted for almost three 

hours 

(3) Atany ventricular premature contractions 5 min after injection Persisted for 

35 mm 

# 

ways (1) The sympathetic supply to the auricles may be relatively 
less effective as compared to the ventricles, or (2) the vagus inhibi- 
tion may be stronger in the auricles and so prevent full sympathetic 
action on them To check this last possibility it is necessary to 
paralyze the vagus fibres completely and then to give epmephrm 
Such a procedure was earned out and is reported under the heading, 
“Effect of epmephrm after paralysis of the vagi by atropine ” 

No significant changes in the length of the Q R S interval in the 
electrocardiogram were noted after the administration of epinephnn, 
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so it ma\ be possible that conduction in the \ entncle is unaltered after 
injection of epmcphnn The RT intenal, houexer, was distinctly 
shortened Our results do not permit us at present to make a 
definite statement in this regard and further work is being done 
on this aspect ot the problem 



Fig 1 Effect of Eftmephets Case 5 

1, Control (normal) Lead II 2,4 minutes after injection of 1 mg of epineph- 
nn 3, 10 minutes after injecUon of epmephnn 4, 20 minutes after injection of 
epmephnn 

At no time did we succeed m changing complete block to a normal 
rhjthm or to partial block 

In cases 6 and 7 there Mere, in the control records, occasional 
ventricular contractions, which did not occur m regular sequence 
with the dominant tentncular rhythm Attempts were made to 
correlate these with auricular beats but such a correlation could 
ne\ er be shown to exist W e were therefore forced to assume tha t 
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these contractions were ventricular premature beats arising from a 
second ventricular focus After the injection of epmephnn, the 
number of these aberrant ventricular complexes increased, together 
with an augmentation in the complexes of the dominant rhythm 
The increase in number of the ventricular ectopic beats suggests 
that epmephnn causes an increase of irritability in the ventncle 
Exact quantative measurements of changes in instability and con- 
ductivity can be made only with difficulty in man, since mechanical 
as well as elcctncal events must be studied Expenmental work 
covering tins point will be reported subsequently 

The data presented show, therefore, that the dominant effect of 
epmephnn is on the ventricle Since epmephnn stimulates the 
sympathetic endings it seems reasonable to suppose that the sympa- 
thetic innervation of the ventncle is greater than that of the auncle 
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10 

34 
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10 
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78 

Unchanged 




EFFECT OF ATROPINE 

We administered 5 0 mg of atropine sulphate in four cases and 
3 5 mg in another The results of our observations are summanzed 
m table 3 An analysis of the data indicates that, following the 
injection of doses of atropine sufficiently large to completely paralyze 
the vagus endings, the auncular rate increased by an average of 
twenty five beats per minute The nse in auricular rate is prac- 
tically the same as Crawford (1) found m normal individuals after 
paralysis of the vagi This would indicate that the influence of the 
vagus on the sinus node is the same in the cases of complete heart 
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block studied as in normal persons There is also a slight but dis- 
tinct increase in the ventricular rate Howe\er, we found shght 
variations m the v entncular rate in these patients from time to time 
before the drug vas given Since the increase m v entncular beats 
after atropine is within these control limits it is possible that we are 
still dealing with these slight *v anations even after paralysis of the 
vagi Yet, the change in rate after atropine is always in the same 
direction, 1 e , upward, and it may be that the change m rate is an 
atropine effect It is possible, then, that the ventncle has a few 
vagus fibres which functionate even though conduction from auncle 
to ventncle is completely blocked In any case, the vagus effect on 
the ventncle is so very shght that it can be regarded as negligible 

EFFECT OF EPIXEPHRIN FOLLOWING THE PARALVSIS OF THE VAGI B\ 

ATROPINE 

We hav e shown above that epinephnn m small doses produces but 
a shght rise in the auncular rate, while the ventncular rate is markedly 
increased In fact, in case 6, a dose was found which produced a 
moderate increase in the ventncular rate and practically no change 
in the auncular rate Furthermore, from observations on the effect 
of atropine we were led to believe that in complete block the direct 
influence of the vagi on the ventncles is shght If this is correct, 
one would expect that if a dose of epinephnn, such as would not 
produce a change in auncular rate, be administered when the vagi 
have been paralyzed with atropine both the auncles and the ven- 
tncles would respond with an increase, but the increase m ventncu- 
lar rate would be only slightly greater than if epinephnn had been 
administered alone Observations have demonstrated the coraect- 
ness of this assumption m two instances (cases 6 and 7) In both 
cases epinephnn was a dminis tered at the time when the full effect 
of atropine had developed In both patients the auncles responded 
with a marked rise The increase in ventncular rate was practically 
the same as m the two control observations where epinephnn was 
administered alone These facts are illustrated m Table 4 which 
shows the comparative effects of paralysis of the vagi and stimula-* 
tion of the sympathetic m patient 6 When atropine alone was 
given, the maximum auncular rate was 94 beats per min ute, thir ty’- 
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minutes after injection Thus it is evident that in table 4 (C) epi- 
nephnn was given at the height of the atropine action 

These patients were all over 40 years of age, and it might be said 
that their vagus tone had diminished to such an extent that blocking 
the fibres with atropine had no effect The increase in auricular rate 
noted above when atropine was administered is evidence that such 
was not the case 


TABLE 4 

Effect of the administration of cpincphrin after paralysis of the vagi bv atropine <case 6) 
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T^BLE 4 — Ccnhniud 
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36 


The evidence, then, indicates that the experimental results of 
Culhs and Tnbe are in the mam applicable to man 

EFFECTS OF DIGITALIS 

In other forms of cardiac irregularities, digitalis has been used to 
stimulate the vagus endings, particularly m reference to the auricles 
With this m mind, a full body-weight dose of a standardized tincture 
of digitalis was given to patient 6 Frequent clinical observations 
were made and man}’ electrocardiograms taken during the next 
twenty-four hours No change m the auricular or \ entncular rates 
occurred, although the patient was completely digitalized as evi- 
denced by the shght nausea of which she complained and the mi er- 
sion of the T wave m Lead II of the electrocardiogram 
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EFFECT OF EXERCISE 

Many observations have been made in the past showing that 
in complete block there is no rise in the ventricular rate after exer- 
ase In order to make this study as complete as possible, we ob- 
served the effects of exercise m our patients Two instances are 
reported below 

Patient 6 exerased by bending the knees and body twenty-five 
times As shown in table 5, there is an immediate rise m the auricu- 
lar rate, about the same as one would expect m a normal individual, 


TABLE 5 

Effect of c.\crctsc (case 6) 


TIUE 

AURICULAR 

RATE 

VENTRICULAR 

RATE 

PREMATURE 

VENTRICULAR 

CONTRACTION 

TOTAL 

VENTRICULAR 

RATE 
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Exercise — 25 Knee-bends 
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27 
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64 

12 30 

96 

29 
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but no change in the ventricular rate Patient 4, on his first ad- 
mission, when at rest, showed an occasional dropped ventricular beat 
without an increased P-R interval as his only evidence of inter- 
ference m conductivity between auricles and ventricles Upon 
moderate exerase (bending the body backward and forward about 
twenty times) his rhythm, as shown by the electrocardiograms, 
changed to a complete heart block with long periods of asystole 
Such a change from a partial to a complete block on exerase has also 
been noted by Sands (7) 
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EFFECT OF CHEANE-STOKES RESPIRATION 

The frequent association of Cheyne-StoLes breathing with com- 
plete heart block has been noted by a number of observers who 
apparently obsen ed no abnormal changes in heart rate with different 
phases of respiration In 1913 Oppenheimer and Williams ( 6 ) re- 
ported a case of complete a-v block with Chevne-Stokes respiration 
in which, during the dyspneic period, the auricular rate was strik- 
ingly reduced as compared with the period of apnea The \ entneu- 
lar rate, however, was only slightly lowered during dyspnea The 
explanation offered was that the vagus m complete heart block re- 
tained a marked chronotropic effect on the auricle and little, if any , 
on the \ entncle This explanation is m accord with the conclusions 
which we drew from the epinephnn and atropine experiments 
However, in our senes, patient 3 showed a marked slowing of ven- 
tncular rate at the beginning of the hyperpneic penod and an in- 
crease in v entncular rate dunng the apneic penod The auncular 
rate was unchanged throughout In the light of all previous work 
this could not be a vagal effect It is possible that, in this instance, 
the anoxemia resulting from the apnea affects the v entncular muscle 
directly In two other patients with Chevne-Stokes breathing no 
auncular or v entncular rate changes were noted which could be 
correlated with respiratory phases 

At least three ' conditions may therefore occur dunng Chevne- 
Stokes breath mg m complete block, as shown by these and other 
cgses reported in the literature 

1 No change in the auncular or v entncular rates 

2 A marked slowing of the auncular rate dunng the dyspneic 
penod and a corresponding nse dunng apnea, but very little change 
in the ventncular rate 

3 A marked slowing of the ventncular rate during the dyspneic 
penods and a corresponding nse during apnea, but no change m the 
auncular rate 

VARIATIONS IN ACRJCT. LAR AND VENTRICULAR COMPLEXES 

In the course of this work our attention was directed to the fre- 
quence with which vanatioru in auncular and ventncular complexes 
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of the electrocardiograms were encountered The drug employed, 
the dosage, and the time of injection seemed in most instances to bear 
no relation to the occurrence of these abnormalities, in fact they were 
frequently present in the control tracings Possibly the same fac- 
tors which produced the complete block are operative here Some 



Fig 2 Effect of Epinephrin upon the Ventricular. Completes Case 6 


1 , control electrocardiogram 2 , electrocardiogram at height of epinephrin 

effect 3 , 4 , 5, 6 , successive steps m return to normal 


of the abnormalities of the P wave noted were inversion, dropping 
and irregular spacing 

Two cases showed intraventricular block in addition to their a-v 
block Two cases presented ventricular premature contractions of 
reversed electrical potential from the dominant ventricular potential 
No regularity in the occurrence of these beats was noted although 
^ticuliyv^ ' 'i was paid to it, several five minute tracings having 
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been taken and carefullv counted The v entneuiar premature con- 
tractions m these cases apparentlj came from a focus fairly high in 
the conducting system because the R bases throughout were less 
than 0 10 second 

In case 6, the % entneuiar premature complexes were in the opposite 
direction to the normal dominant v entneuiar complexes Fifteen 
minutes after the injection of epmephnn (on two occasions) the 
direction of all the complexes w as that of the premature contractions 
(tracing 3, fig 2) Accompanying these changes there was consid- 
erable precordial pain The ventncular complexes returned to the 
ongrnal type 165 minutes after the injection of epmephnn 

Three possible explanations may be presented 

1 That epmephnn during the height of its activity changed 
the electncal axis of the heart 

2 That, with the increase in irritability of the x entneuiar muscu- 
lature after the administration of epmephnn, the focus which had 
previously been responsible for only an occasional ventncular pre- 
mature systole, now became the dominant pacemaker of the \ entncle, 
and that as the effect of the epmephnn wore off the ongrnal pace- 
maker gradually assumed control again 

3 That epmephnn produced a change in conduction None of 
these theones satisfactorily explain tracing 3 Although m tracing 
two, all the complexes have the same direction, yet the rhythm is 
not regular and complexes are present which appear to be premature 
m relation to other complexes just as was the case before epmephnn 
was given It we are to conceive of all the \ entneuiar complexes m 
tracing two as co min g from one focus, then we would have to assume 
a varying irritability It is even more difficult to think of a change 
in the electncal axis where the reversion back to normal is accom- 
plished by a gradual increase of normally directed complexes as the 
effect of the drug wears off If the explanation were an alteration of 
ventncular conductivity as a whole one might expect variations m 
the duration of the Q R S group These are not apparent 

SUMMARY 

An effort was made to study the extrinsic nervous control of the 
auncles and ventricles m the human heart Eight cases of complete 
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heart block were studied with epmephnn, atropine, and digitalis 
Observations were also made as to the effect of Cheyne-Stokes respira- 
tion and exercise 

Subcutaneous injections of epmephnn in doses varying from 1 to 
5 mg were given in seven cases A considerable rise m ventricular 
rate always occurred and usually a rise in auricular rate, which, 
however, was not as great The blood pressure usually rose but in 
one case the rise was transient and was followed by a fall In two 
instances the nse in ventricular rate was associated with the appear- 
ance of numerous ventricular premature contractions probably from 
some focus other than the one originating the dominant rhythm 
Since it is generally assumed that the effect of epmephnn on the 
heart is similar to a stimulation of the sympathetic endings, we have 
indications from these observations that the sympathetic control 
of the ventncles is more pronounced than that of the auncles 

Atropine sulphate m doses sufficient to paralyze the vagus endings 
was administered in four cases The auricular rate increased by 
an average of 25 beats per minute, an increase which agrees with the 
nse of 23 beats per minute found by Crawford in normal individuals 
after paralysis of the vagi This would indicate that the influence 
of the vagus on the sinus node is the same in the cases of complete 
block studied as m normal persons A slight but distinct nse in 
ventricular rate occurred m each instance, indicating that the vagi 
exert a shght lnhibitmg effect on the ventricle in complete block 

When epmephnn was injected after the vagi had been paralyzed 
■with atropine, although the auncular rate rose considerably, the 
ventncular rate increased only very little It is evident, therefore, 
that the vagal influence on the ventncles is shght while the sympa- 
thetic control is considerable 

Digitalis in one patient caused no vanations m auncular or ven- 
tricular rates although there was full digitalization as evidenced by 
the shght nausea and the inverted T wave m the lead of the electro- 
cardiogram 

The cases m which the effect of exercise was noted presented the 
usual findings, a nse in auncular rate, but no change in the ventncu- 
lar rate 

Three patients had Cheyne-Stokes respiration In two of them 
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no variations Mere noted m auncular or ventncular rates, while the 
other showed a marked slowing of the ventricular rate at the begin- 
ning of the hyperpneic period and an increase during the apneic penod 
with no change in the auricular rate 

Many variations m v entncular and auncular complexes were noted 
and special attention was paid to a cunous rev ersal of the ventricu- 
lar spikes after administration of epinephnn m one case 

CONCLUSION’S 

1 Evidence is presented to show that in complete heart block the 
accelerator nerves exert a considerable control over the ventncles 
whereas the vagi have only a slight influence 

2 Vagal control over the auncles is the same in complete heart 
block as in the normal heart 

3 Exerase in complete heart block tends to increase the auncular 
rate but leav es the ventncular rate unchanged 

4 Cheyne-Stokes breathing m complete heart block may be asso- 
aated with varying auncular and ventncular responses 

5 A case is reported where the injection of epinephnn caused a 
complete change m direction of the ventncular complexes 

REPORT OF CASES 

Case 1 J L,a laborer, aged 56, was admitted to the Fourth Division medical 
service on August 23, 1923, complaining of frequent dizzv spells and increasing 
weakness He was entirely well up to six da>s before admission when he began 
to have two to three fainting attacks per dav, associated with loss of conscious- 
ness and marked weakness. The frequency of these attacks increased so that 
at the time of admission he had about twentv a dav He was found to be dys- 
pneic, orthopneic, cvanotic, with dilated jugular veins but no oedema The 
examination of the chest was negative The heart showed a moderate enlarge- 
ment, a systolic blow at the apex, auricular sounds m the diastolic penod, and a 
ventncular rate of 38 per minute It was found that whenever the ventncular 
rate dropped to about 12 per minute, the patient would have a penod of un- 
consciousness and convulsions At one time a v entncular rate of 8 per minute 
with a ventncular standstill of 16 seconds was noted Epinephnn was given 
to this patient as a therapeutic procedure because it was found to materially 
lessen the convulsions The patient died on September 12, 1923, m a “status 
epilepticus ’’ 
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Case 2 G S , a watchman, aged 69, was admitted to the Second Division 
medical service on January 23, 1923, complaining of shortness of breath He 
stated that he had had "heart trouble" for over fifteen years but w r as able to do 
his ordinary work until three years ago when he began to have sudden attacks of 
shortness of breath bearing no constant lclationship to exertion At the time of 
admission to the hospital he was unable to go about, the slightest exertion causing 
dyspnea There were occasional attacks of dizziness but no loss of consciousness 
He was found to have no dyspnea when at rest, no signs of congestive heart 
failure His chest was moderately emphvscmatous Examination of the heart 
show'ed a moderate enlargement, distant sounds, no murmurs, and a ventricular 
rate of 30 per minute It was noted that the jugular pulse showed faint wavelets 
asynchronous wuth the ventricular beats On February 6, 1923, the patient had 
a period of scmi-consciousness wuth a few tremors of the extremities The heart 
rate at that time was 10 per mmute After that several periods of unconscious- 
ness with convulsions occurred daily He was discharged on March 29, 1923 
On October 2, 1923, he w r as again admitted followung an attack of dizziness and 
unconsciousness, during which he had fallen Iiis physical condition was prac- 
tically the same as on the previous admission He w’as agam discharged 
November 2, 1923 

Case 3 A L , a barber, aged 73, w r as admitted to the Second Division medical 
service on December 11, 1923, m marked failure wuth Cheyne-Stokes breathing 
It was impossible to obtain any history other than that his illness had begun 
about one year before with shortness of breath He was very dvspneic, ortho- 
pneic, with marked cyanosis of all extremities There was no oedema, although, 
the jugular veins w r ere engorged and filled from below The heart was moderately 
enlarged, the sounds were not very clear, but a loud high pitched systolic murmur 
was heard over the entire precordium The urine showed a marked amount of 
albumen He became steadilv worse and died on December 15, 1923 

Case 4 W M , a floor polisher, aged 58, was admitted to the Third Medical 
Division on July 7, 1923, complaining of shortness of breath and dizzy spells 
followed bv short periods of unconsciousness These symptoms began about 
Februaiy, 1923 He remained in a hospital for four weeks and was discharged 
improved Just before this admission his attacks of syncope began to recur every 
20 to 30 mmutes He was neither dyspneic or orthopneic There w'ere no 
signs of congestive failure There was marked sclerosis of all the peripheral 
vessels The heart was moderately enlarged, with sounds of fair quality at the 
apex The rhythm was regular at times, at other times there were dropped beats 
every third or fourth cycle After exercise the condition became one of complete 
block with long periods of asvstole He W'as discharged improved on August 2, 
1923 In December 9, 1923, he was readmitted in coma with Cheyne-Stokes 
breathing and a heart rate of 60 to 85 per mmute An electiocardiogram show'ed 
complete heart block even with this rapid rate He died on December 20, 1923 
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An autopsv showed a calcified band across the intraventricular septum, along 
the base of the mitral vahe 

Case 5 J L , a watchman, aged 57, was admitted to the Third Medical 
Division on Nov ember 16, 1923, after having been found unconscious in his room 
a few minutes before He regained consciousness soon after he was brought to 
the ward He stated that this was his first attack, and that previous to this he 
had been m the best of health He was found to be dyspneic on slight exertion, 
but had no congests e failure All the peripheral arteries were markedly scler- 
osed His heart was only slightly enlarged There was a systolic murmur 
at the apex and also at the aortic cartiliage The rhythm was regular, the rate 
being 46 per minute He was discharged on December 1, 1923, somewhat im- 
proved 

Case 6 C D , a housewife, aged 49, was admitted to the Third Medical 
Division on December 1, 1923 Her history dates back to August 1922, when 
she had a period of unconsciousness lasting about three min utes following unusual 
and sex ere exerase About a month later she began to have frequent mild at- 
tacks of dizziness In February 1923, she fell unconsaous on the street without 
any warning, and had considerable difficulty m getting home The next day she 
had a loss of consaousness with convulsions and was taken to a hospital where 
she remained for several weeks having frequent convulsions together with marked 
slowing of the pulse Since then she has practically lived in hospitals being 
unable to do any work whatsoever At rest, she presented no signs of failure 
The heart was moderately enlarged, with a rough systolic murmur at the apex, 
sounds of good quality and a rate of 26 per minute There were a few pre- 
mature contractions She was discharged on February 9, 1924 with very little, 
if any improvement. 

Case 7 E T , an embroider, aged 68, was admitted to the Third Medical 
Division on January 5, 1924, complaining of fainting spells, dy spnea, and palpita- 
tion. She was very unstable mentally and a reliable history could not be ob- 
tained She had had ten to fifteen fainting spells since October 1923 and had 
been m bed most of the time since then Her heart showed a slight enlargement, 
and a ventricular rate of 38 per minute while the jugulars pulsated at a rate of 
84 per minute The vessels were moderatelv sclerosed She was discharged 
unimproved, Januarv 27 1924 

Case 8 L M , a cobbler, aged 70, was admitted to the Second Medical Division 
on February 26, 1924, m coma with convulsions, after having been picked up 
m the street He had a large scalp wound over the mid occipital region There 
was no bleeding from the nose, ears or mouth Neurological examination was 
negative. The heart was sbghtlv enlarged to the left- The rate was 24 per 
minute and regular, the sounds were rather blurred, there were no murmurs 



244 


NERVOUS CONTROL O T THE HEART 


The pulse was of the Corrigan tjpc He regained consciousness for only a fen 
days and then lapsed into a state of coma with Chevne-Stokes breathing, which 
continued almost to the da\ of his death, March 13, 1924 
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THE EFFECT OF CHANGES IN REGIME UPON THE 
URINARY ALKALINE TIDES IN A NORMAL 
INDIA TDUAL 

B\ MAURICE MUSCHAT 1 

( From the Department of Urolog\ and the John Bar Jfitsscr Department of Research 
ifcdtanc, b nicer sit} of Pennsylvania) 

(Receded for publication December 10, 1925) 

In 1912 Henderson and Palmer (1912) introduced a technique for 
determining the pH of the unne and applied it to the study of twenty- 
four-hour specimens from 222 normal and pathological cases Their 
obsen ation showed a range of pH from 5 0 to 7 4 They also ob- 
sened that the pH of the unne nses to some extent following a meal 
The pH cun e of normal urine was also studied by Hasselbalch (1912) 
who reported a fall in pH immediately after each meal followed by a 
rise to a maximum about three hours later Fiske (1921) confirmed 
the existence of this nse in pH after meals and observed pH values 
during the alkaline tide as high as 7 7 He studied also the phosphate 
excretion dunng the period of the alkaline tide Hubbard, Munford 
and Allen (1924) obsen ed that the alkaline tide occurred only m 
individuals who showed presence of free HC1 m the stomach dunng 
digestion Higgins (1914) and Erdt (1915) found a nse of aheolar 
pCO* dunng digestn e activity A'an Slyke, Stillman and Cullen 
(1917) confirmed this obsen ation and found that the plasma bicar 
bonate in some cases increases slightly, in others not Dodds (1921) 
and Dodds and McIntosh (1923) obsen ed a nse in the CO ; content 
of the blood and in aheolar pCO s about one-half hour after meals 
followed by a secondary fall m both at the time the urinary alkaline 
tide occurs 

Leathes (1919) found that normal acti\e individuals gnen water 
without food at 8 am showed an increased urinary alkalinity dunng 
the morning hours He attnbuted the alkalinity to increased pul- 

1 J \\ tlliam White Fellow m Urologt Umversitv of Penns\hama 
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monary ventilation incident to tlieir activity He observed also that 
m cases of acute and subacute nephritis tins morning alkaline tide 
was diminished or absent McCorvie (1925) has studied the morning 
alkaline tide following the ingestion of u ater by the method of Leathes 
and also the urinary pH and phosphate excretion m 8 normal and 74 
pathological cases He confirms the observation of Leathes that 
the morning alkaline tide characteristic of normal cases tends to dis- 
appear m nephritic cases 

The following study is presented because it furnishes data upon the 
pH curve of a healthy subject throughout the entire day under varying 
conditions as regards time of taking food and time of commencing 
the day’s activities First the curve of urinary pH is shown when m 
accordance with the individual’s custom only two meals, morning and 
evening, were taken Then the curve when three meals were taken 
and then with only a single meal at midday Finally the curve is 
shown during a day when the subject took his usual breakfast, but 
remained quiet in bed until noon without any physical activity 

METHODS 

The urinary pH was measured by the nitrophenol method of 
Michaelis The preparation of the standards in this method depends 
upon the fact that the indicators are colored when alkaline and color- 
less when acid The standards consist of a senes of tubes containing 
alkaline aqueous solutions of the indicators in concentrations selected 
to give the same depth of color as that of a series of buffer solutions 
containing a uniform concentration of dye 
Two indicators are used Paranitrophenol (pH 5 4 to 7 0) and 
metamtrophenol (pH 6 8 to 8 4) 

The solutions employed are as follows 

No 1 0 1 per cent aqueous solution of paranitrophenol 

No 2 0 3 per cent aqueous solution of metamtrophenol 

No 3 m/ 10 aqueous solution of NaHCOs 

No 4 5 cc of no 1 diluted to 50 cc with no 3 

No 5 5 cc of no 2 diluted to 50 cc with no 3 

The standard tubes are made as shown in table 1 
A pH determination is made as follows To 2 cc of urrne is added 



MAURICE MUSCHAT 


247 


4 cc of 0 9 per cent sodium chloride solution and 1 cc of indicator 
solution 1 or 2 Comparison with the standard is made m a Walpole 
colorimeter block, a tube containing 2 cc of unne plus 5 cc of saline 
being placed behind the standard tube 

The same senes of standards permits one to measure also the pH 
range from 5 2 to 5 0 For this purpose one takes 2 cc of unne, 2 5 cc 
of salt solution, and 2 5 cc of indicator solution 1 A color matching 
the standard tube marked pH = 54 will then represent a pH of 5 0 
and one matching the tube marked pH = 56 will represent a pH of 

5 2 


TABLE 1 


PH 

sournos 4 

SOLUTION 3 

pH 

SOLUTION 5 

SOtCTIOV 1 


CC 

CC 


CC 

CC 

5 4 

0 16 

6 84 

6 8 

0 27 

6 74 

5 6 

0 25 

6 73 

7 0 

0 43 

6 57 

5 8 

0 40 

6 60 

7 2 

0 66 

6 34 

6 0 

0 65 

6 37 

7 4 

1 00 

6 00 

6 2 

0 94 

6 06 

7 6 

1 50 

5 50 

6 4 

1 40 

5 60 

7 8 

2 30 

4 70 

6 6 

2 OS 

4 92 

8 0 

3 00 

4 00 

6 S 

3 00 

4 00 

8 2 

4 20 

2 80 

7 0 

4 05 

2 95 

8 4 

5 20 

1 80 


The color of the standard tubes was checked by companson with 
Sorensen’s phosphate buffer solutions to which the mtrophenol d\ es 
were added The pH determinations were made within a few hours 
of obtaining the unne except that the e\ emng specimens at 8 and at 
10 o’clock were kept on ice until the next morning The 'subject’s 
unne kept e\ en 24 hours on ice u as ne\ er obsen ed to show a change of 
pH greater than 0 1 


RESULTS 

The subject was a health} male aged 28 }ears His unne was 
collected at two-hour intervals from 8 am to 10 p m and its pH 
determined His dail\ uork was light in character m the hospital and 
laborator} and was constant from da} to day 
The first penod of stud} was of the urinary pH curve of the subject 
during twenty consecutn e da} s during which as was the custom of the 












24S 


UKINARY ALKALINE TIDES 


subject only two meals morning and evening were taken In the first 
four days the diet was as follows 

Breakfast at S 30 a m A cup of coffee, two fried eggs, two slices of bread and 
butter 

Supper at 6 p m Vegetable soup, Hamburger steak, coffee 

During the ne\t fifteen days it was approximately the same 


TADLE 2 

Urtuarv pll at Leo-hour intervals for hi nil v da\s Two meals daily 



8 A M 

10 v 11 

12 s 

2 r si 

4 P SI 

6 P it 

8 PJI 

IOpui 

1st day 

6 1 

6 3 

6 8 



5 6 

5 9 

6 4 

2nd day 

6 0 

6 0 

7 0 



5 8 

5 9 

5 9 

3d day 

5 7 

5 9 

6 6 

6 0 

5 6 

5 8 

5 9 

6 2 

4th day 

5 7 

5 9 

6 4 

6 3 

5 4 

5 3 

6 0 

6 3 

5th day 

5 8 

5 6 

6 4 

6 2 

5 6 

5 6 

6 3 

6 0 

6th day 

6 1 

5 8 

6 6 

5 4 

5 4 

5 5 

6 2 

6 3 

7th day 

5 9 

5 9 

6 6 

5 9 

5 6 

5 9 

6 2 

6 0 

8th day 

5 6 

5 4 

6 4 

5 6 

5 3 

5 8 

6 3 

6 2 

9th day 

5 5 

5 4 

6 3 

5 8 

5 3 

5 2 

6 0 

6 0 

10th day 

5 2 

5 3 

6 2 

5 2 

5 2 

5 6 

6 0 

5 8 

11th day 

5 6 

6 1 

6 4 

5 2 

5 4 

5 4 

5 8 

5 8 

12th day 

5 4 

6 2 

6 3 

5 4 

5 5 

5 9 

6 0 

5 8 

13th day 

5 8 

5 4 

6 3 

5 4 

5 2 

5 4 

6 0 

5 S 

14th day 

5 6 

5 4 

6 6 

6 0 

5 S 

5 8 

6 3 

5 9 

15th day 

5 6 

5 4 

6 2 

5 8 

5 3 

5 4 

5 9 

5 6 

16th day 

5 8 

5 8 

6 3 

5 S 

5 4 

5 4 

5 8 

5 8 

17th day 

5 9 

5 7 

6 3 

6 1 

5 5 

5 3 

6 0 

6 2 

18th day 

5 5 

5 7 

6 5 

5 6 

5 2 

5 3 

5 9 

5 7 

19th day 

5 6 

5 4 

6 3 

6 0 



6 0 

6 2 

20th day .. 

5 7 

5 7 

6 3 

5 9 



6 0 

6 1 

Average 

5 7 

5 7 

6 4 

5 8 

5 5 

5 5 

6 0 

6 0 

Minimum 

5 2 

5 3 

6 2 

5 2 

5 2 

5 2 

5 S 

5 6 

Maximum 

6 0 

6 3 

7 0 

6 5 

6 5 

5 9 

6 3 

6 4 


Breakfast, 8 30 a m — Supper, 6 00 p m 


In table 2, and m figure 1 are shown the curves of the average, the 
maximum, and the minimum, of the pH at each time of day for twenty 
days Each day’s observations showed alkaline tides after the meals, 
the morning tide having its maximum about 3§ hours after break- 
fast the evening tide about 2 hours after supper The morning alka- 
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line tide was followed b\ a penod of maximal acidit} The cun e also 
shows that the alkaline tide after breakfast was higher than that 
following supper 


M NIMUM 

AVERAGE 

MAMHlrt 



Hours 8 10 12 2. h- 6 0 10 

Fig 1 Uhinapi Reaction- Curves Throughout the Da\ Showing Two 

Alkaline Tides 


Based on observation over twentj consecutive dajs (The minimum at 12 is 
drawn to include the low figure from table 3, Mav 1 ) 

TABLE 3 

Urinary pH ai t^o-hour mter-als on three da\s Three /reals daily 

8 A.SI- 10 A.1C 12 N 2PJL 4 POL 6 PaL S P-3L 10 par 

April 29, 1925 60 58 60 66 66 56 68 65 

Maj 1, 1925 58 55 59 54 55 62 62 59 

l\Ia> 5, 1925 55 59 6S 64 54 56 57 61 

Breakfast at 8,30 a m , Lunch at 1 00 p m Supper at 6 00 pun 

The second penod of stud} was of the pH cune when the subject 
took three meals dad} The results on these da>s are shown m 
table 3 and figure 2 On each of these da} s there are onl} two alkaline 
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tides, never three and on only one of the three days is an alkaline tide 
seen after the noon meal when it occurs apparently as a delay of the 
tide usually occurring m the morning The evening rise tends per- 
haps to be higher than during the two-meals-per-diem period 

nmiMun 

AVUAtt 

tuiinun 

MEAL 



Fig 2 Showing Urinary pH with Three Meals Daily, with Two Alkaline 

Tides 

Very similar to those in figure 1 


TABLE 4 

Unitary pH at two-liour intervals on three days One weal daily 



8 AOI 

10 A M 

12 N 

2pm 

4pm 

6 r M 

8pm 

10 PM 

May 6, 1925 

5 9 

7 5 

8 0 

7 0 

6 4 

5 S 

6 1 

5 4 

May 12, 1925 

5 9 

6 3 

7 2 

7 0 

7 0 

6 0 

6 8 

6 0 

May 20, 1925 

5 S 

5 5 

6 4 

6 2 

5 4 

5 2 

5 4 

5 9 


Meal at 1 00 p m 


The third period of study was of the pH curve when the subject 
took only one meal per day at 1 p m The results on these days are 
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shown in table 4 and figure 3 Again two tides are m evidence In 
two instances the morning tides without breakfast are -very pro- 
nounced In onl} one instance is there a suggestion of prolongation 
of a high pH following the one o’clock meal 



Fig 3 Showing Uetnaiei pH with One Meal Daiia with Two Alkaline 

Tides 

Very similar to those m figure 1 

The fourth study was to determine the effect of physical a c tint} 
on the alkaline tide by keeping the subject in bed until noon The 
result is shown m figure 4 Two tides are seen, tim ed approximately 
the same as upon other normal or experimental days 
These studies suggest that activity and the period of digestion 
while they may perhaps influence the unnary pH are not the sole 
cause of the rhythmic alkaline tides m the unne The} strongly 
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suggest a rhythm in the urinary pH characteristic for the individual 
and tending to persist in spite of quite striking alterations m his 
regime 



Fig 4 Showing Urinary pH with Rest in Bed until 12 Noon with Two 
Alkaline Tides, Unaeeected by Absence of Activity 


SUMMARY 

Determinations of the pH of the urine of a healthy subject were 
made at two-hour intervals throughout the day on twenty-seven days 
For twenty days the subject according to his habitual custom took 
only two meals, morning and evening 
For three days he took three meals daily 
For three days he took only one meal daily at 1 p m 
On one day he remained in bed until noon, taking his usual break- 
fast but with no physical activity 

The curves of urinary pH on all of the days showed two alkaline 
tides, one with its maximum about noon and the second with its 
maximum about 8pm 
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The intensity and tuning of these alkaline tides w as not conspicu- 
ously altered b\ the changes m the patient’s regime 
The observations suggest a rh\ thm m urinary acidity characteristic 
for the mdmdual and persistmg in spite of marked v, anations in the 
individual’s regime 
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THE EXCRETION OF AMMONIA AND TITRATABLE ACID 

IN NEPHRITIS 
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J F McCsTOSH 

(From the Hospital of the Rockefeller Institute for Ifedicol Research) 
(Received for publication December 28, 1925) 

As the result of past metabolic studies, especially those of Hender- 
son and Palmer (12) it is known that the nonvolatile acids produced 
in excess of fixed base by human metabolism are excreted in the urine 
in two forms, viz , as free acids, and as ammonium salts 

Since the kidnej is unable to form unne with a pH much lower than 
5 0, it can excrete, m significant amounts, free acids of only the weak 
buffer type In this class fall acid phosphates and the various 
organic acids It appears, however, that free acid excretion may 
assist also m elimination of strong acids, which can react with buffer 
salts (e g , HC1 + NaTIPQi = H(NaHPQi) + NaCl), the free buffer 
acid being excreted in place of the strong aad Thus Marriott and 
Howland (19) found that HC1 mgestion mcreased the output of 
free buffer acids 

Ammonia senes to neutralize either weak or strong acids Con- 
sequently both mgestion of HC1, (either as such, or as NHjCI or CaCl*) 
and diabetic ketosis (producing weak beta-by dro.xv butyric aad) 
cause increase in ammonia excretion In fact both the above con- 
ditions increase both amm onia and free buffer aad output, without 
greatly altering the NHj/aad ratio (Marriott and Howland (19), 
Fitz and Van Sljke (4)) Peculiarly, however, mgestion of aad 
phosphate was found by Marriott and Howland to increase onI\ the 
output of titratable aad, without anj effect whatever on the am- 
monia output 

Smce the nature of the aad eliminated, and presumably other un- 
known factors, can influence the proportions excreted as ammonium 
salts and titratable free buffer aads respectrv elv , it is not surprising 
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that, as shown by Henderson and Palmer, and by our data, wade 
fluctuations occur in the fSHTi/acid ratio even in the same normal 
individual 1 o take an extreme case, when a vegetarian diet pro- 
duces an alkaline urine the NHs/acid ratio may approach infinity, 
because the acid factor in the denominator approaches zero, while 
the ammonia m the numerator, although greatly reduced, is still 
measurable 

Nevertheless the ammonia m a series of urines from an individual 
with a normal excretory mechanism ordinarily averages from 1 to 2 5 
tunes the free acid, and tins ratio is maintained over great ranges of 
total NH 3 + acid output, e g , from a low normal 300 cc of 0 1 N NH3 
-f acid per 24 hours to the 4,000 or 5,000 cc that may be excreted m 
diabetic acidosis There is apparent^ some tendency towards a 
moderate increase of the ratio m the latter condition (In the data of 
Fitz and Van Slvlce (4) the normal urines show, as do the normal data 
of the present paper, a mean NHi/acid ratio of approxmnately 1 5 
while the mean for the cases with ketosis is 2 2 This difference m the 
ratio is small, however, considering the immense range of total NH3 
+ acid values covered ) The eliminated acid is divided between 
ammonium salts and free acid with a sufficient degree of constancy 
to justify the definition of the usual limits of the NH3/ acid ratio in the 
urine of normal individuals, and the assumption of an abnormality 
in the acid excreting mechanism when this ratio consistently lies 
outside such limits, A persistent abnormally high ratio may result 
from bacterial formation of ammonia from urea m the bladder A 
persistent abnormally low ratio is presumably a sign of damage to the 
ammonia-forming function, particularly when the titratable acid 
factor of the ratio appears unaffected 

Henderson and Palmer (12, 11) determined the free acid by ti- 
trating the urme to pH 7 4, the reaction of normal blood plasma 
The NH)/acid ratio 1 averaged over a number of days m the urme of nor- 
mal subjects varied from 0 7 to 2 0 Nephritic cases fell into 2 groups 

1 Henderson and Palmer expressed their results by the ratio acid /NH 3 We 
have inverted this ratio and use the expression NHs/acid, because (1) the rela- 
tive rise and fall m the ammonia appears to be the significant factor in varying 
nephritic conditions, the free acid excretion being relatively unaffected With 
the ammonia in the numerator, therefore, the ratio rises and falls with the more 
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Among the cases with normal ratios there was a predominance of 
conditions diagnosed as degenerative nephritis In another group, 
more sharply definite m regard to urinary character, the KHj/ acid 
ratio \ aned from 0 3 to 0 6, these low \ alues being due to diminished 
ammonia output On the average m this group of cases the urine 
\ olume was abnormally great, its pH unusually low, and the “total 
acid output” (NHa + acad) diminished because of defiat in the NHj 
constituent The low urinary pH was interpreted to indicate a tend- 
ency towards nephritic aadosis, presumably caused by the reduced 
ammonia formation In this group chrome glomerulonephritis was 
prominent. 

Stillman, Van Slyhe, Cullen, and Fit z 731) reported from this hos- 
pital a case of acute nephritis following pneumonia in which there was 
almost complete suppression of ammonia excretion, and a progressix e 
fall in blood alkali reserv e When the latter had dropped to about half 
normal, the chmcal condition began to impro\ e and the ammonia 
output gradually" increased until it reached the unusual maximum of 
1500 cc of 0 1 N ammonia per day The dady ammonia excretion 
then also fell to the usual 300 or 400 cc , presumably because there 
was no further need for unusual aad elimination (Only the alkali 
reserve data were published, the present ammonia figures are from 
the hospital records ) 

Rabmowitch (25) has recently" shown that in diabetic patients with 
albuminuria the NHj/ aad ratio averages lower than in normal persons 
or m diabetic patients without albuminuria He concludes that dia- 
betics with injured kidney's ha\e a subnormal ability' to form am- 
monia, and are probably rendered thereby" unusuallv susceptible to 
aad intoxication 

Interest both m the ongm of the ammonia of the urine and in its 
sanation m nephntis has been augmented by Nash and Benedict 
(21) who ha\e shown that the ammonia is probably formed by the 
kidneys It had been beliexed that the ammoma was formed else- 

sigmficant \ amble (2) The XHj/aad ratio, as mil be shown, is low when 
kidney function is diminished, and in its relation to renal function it appears 
simpler to denote ammoma-aad relationship b\ an expression which parallels 
the renal function rather than b> one which increases when the function falls 
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where in the body and carried by the blood to the kidneys The 
early determinations of ammonia in blood, with the exception of those 
of Folin and Denis (5), were compatible with this hypothesis Nash 
and Benedict found that when minute precautions were taken the 
blood from the carotid and vena cava of dogs contained less than 0 1 
mg of ammonia nitrogen per 100 cc The blood from the renal vein, 
however, contained about twice as much, a fact which strongly sug- 
gested that the kidneys are the site of the ammonia formation Loeb 
Atchley and Benedict (18) have repeated and confirmed these 
observations 2 

In this paper we present the results of routine determinations of the 
NH 3 /acid ratio carried out on nephritic patients over a period of 
several years (Many of the patients reported m this paper have 
been included in previous papers on other phases of nephritic metabo- 
lism (14, 15, 16, 17) Blood ammonia determinations on a number 
of patients and on normal subjects have been made to determine 
whether the low ammonia excretions observed in the former were due 
to diminished formation or to retention 

An attempt has been made to correlate the variations m the NH 3 / 
acid ratio with the type and severity of the cases The latter have 
been classified according to the plan of Volhard and Fahr (15, 35, 
36) in four groups, nephrosis, acute glomerulonephritis (stage I), 
chronic glomerulonephritis (stages II, and III), and nephrosclerosis 
Each type is reported in a table by itself, and m each table the cases 
are arranged as far as possible in the order of increasing seventy, as 
judged by the clinical state and renal function tests We realize' 
that the Volhard-Fahr types are not separated by sharp lines, and 
that opmions are likely to differ in classifying certain cases We have 
given m the tables such data as space permits to assist the reader in 
forming his own judgment 

2 Strauss (32), using the vacuum distillation method of Hahn and Kootz (9) 
reported the normal blood ammonia nitrogen as 0 8 to 2 0 mg per 100 cc and 
nephritic values ranging up to 6 mg Gherardim (8) reported 0 4 to 0 7 mg 
m both normal and nephritic subjects Such high values seem explainable only 
by errors of technique 
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EXPERIMENTAL 

The analyses of nephritic urme were earned out on 24-hour speci- 
mens which had been preserved with toluene m an ice box from the 
time the individual specimens were obtained In some cases 24-hour 
urine specimens were ex amin ed daily In others they were taken 
ev ery second da} or once each w eek In the senes of determinations 
on normal individuals the specimens were collected over penods 
generally of about 2 hours, and anal} sed lmmediatelv 
Methods Urinary ammonia was dete rmin ed as described by Van 
Sl}ke and Cullen (33), 5 cc of urme bemg mixed with 5 cc of satur- 
ated potassium carbonate solution and aerated into standard acid 
The titrataUe acidity of the urine was determined by Fohn’s f ami liar 
method (6) Because the neutrality of our sohd potassium oxalate 
could not be trusted, we have used mstead of the solid substance 
prescribed m the onginal method, a saturated solution neutralized to 
phenolphthalem Fifteen cubic centimeters of this solution and 0 5 
cc of 1 per cent phenolphthalem solution were added to 25 cc. of 
urme, the mixture was thoroughly shaken, and was titrated to a pink 
color (pH approximately 8 5) with 0 1 N NaOH Henderson and 
Palmer (12, 11) used neutral red as indicator and pH 7 4 as end point, 
a procedure which has an advantage m ph} siological interpretation 
m that the results express the amount of alkali required to bring the 
urme to the pH of normal blood serum For the purpose of ascer- 
taining the NHj/aad excretion ratio, however, we have preferred 
the phenolphthalem titration because its more alkaline end pomt 
represents a urinary reaction at which the ammonia excretion be- 
comes very small Ev en m urme alkaline to phenolphthalem there is, 
it is true, some ammonia, and m consequence a urme with a pH of 
8 5 would yield an NHj/aad ratio of infini ty When the amount of 
0 1 N alkali required for 25 cc of urme falls below 1 cc. the NHj/acid 
ratio may accordingly be higher than m urme of more usual acid 
content excreted by the same individual The interpretation of the 
physiological and clinical significance of the ratio m such urines is 
therefore uncertain They are, however, rare 
No attempt has been made to prev ent escape of CO; from the urme 
\\c have preferred to perform the titrations under conditions that 
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would be a practicable part of hospital routine, and to permit such in- 
crease in the margin of variation as might result In any but the most 
alkaline urines the effect could not be important 

The blood ammonia Five cubic centimeters of oxalated blood were 
transferred, within three minutes of the time of drawing, into the test 
tube of the Van Slyke-Cullen apparatus used for urea estimations, 
in which the rubber connections were as short as possible An equal 
volume of saturated potassium carbonate, from which the ammonia 
had been almost completely removed by aeration for one hour, was 
added A flowmeter (22) was connected, and the contents of the 
tubes were aerated for 5 minutes with an air current flowing at the 
rate of 5 liters per minute (Van Slyke and Cullen found that with 
this time and air current 98 per cent of the ammonia was removed ) 
The ammonia was caught m a tube, calibrated at 25 cc , containing 
1 cc of 0 005 N acid diluted to about 15 cc with ammonia-free water 
As indicator we used 4 drops of a saturated solution of methyl red in 
70 per cent alcohol, as suggested by Barnett (2) At the end of the 
aeration the tubes were washed down and diluted to 25 cc with 
ammonia-free water The excess acid was titrated with 0 005 N 
alkali to a standard end point color, by which all the solutions had 
been standardized For this end point a buffer mixture of pH 5 6, 

made by mixing 91 cc ^ sodium acetate and 9 cc ^ acetic acid, 

was used The standard color was that of 25 cc of this mixture to 
which 4 drops of indicator had been added The titrations were made 
from a 2 cc micro burette, so that the volumes delivered could be 
measured to wi thin 0 005 cc Blank determinations were performed 
on the reagents, and the amount of ammonia obtained from them was 
deducted from that found in the blood analyses The accuracy of 
this method is shown in table 1 

Table 2 shows that all of the measurable ammonia of the blood is 
aerated m the first 5 minutes when the rate of air flow is 5 liters per 
■min ute (controlled by a flowmeter) Further aeration, up to 40 min- 
utes, gave no more ammonia, which proves that the potassium car- 
bonate did not react with any constituent of the blood to produce am- 
monia In fact the carbonate prevents the spontaneous ammonia 
formation that occurs m drawn blood This spontaneous formation, 



TABLE 1 

Reccrer\ of ammonia from standard ammonium sulfate solutions by the blood ammonia method 


Xfh-\ present per 
100 cc. of solution 

Amount of 
solution used for 
analysis 

XHx-N found per 
100 cc 

Mean value for 1 
NHj-N 1 

found per 100 cc. j 

Recovery 

mi 

cc 

| mj 

mr 1 

f ftr ctni 

0 171 

5 

0 

173 






0 

160 






0 

160 






0 

173 






0 

187 






0 

173 

0 

171 

100 

0 OSS 

S 

0 

076 






0 

070 






0 

070 




j 


0 

063 

0 

07 

82 4 

0 060 


0 

05 






0 

05 

0 

05 

83 4 


TABLE 2 

Effect of aeration time and delay, sn analysis on blood ammonia determination 


Sample 

Dumber 

Aeration time 

Blood 
NHt-N per 
100 cc. 

B 

Remarks 


mm 

mi 

mi 


i 

First 5 

0 014 

0 020 

0 017 

Determinations made 5 minutes 





after blood drawn 


Additional 5 

0 





0 

0 



Additional 10 

0 





0 

0 



Additional 20 

0 





0 

0 



5 

0 328 

0 342 

0 335 

Same blood 1} hours after drawn 

2 

5 

0 021 

0 014 

0 017 

Determination made 5 minutes after 





blood drawn 


5 

0 042 

0 042 

Determination made 15 minutes 





after blood drawn 
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AMMONIA AND ACID EXCRETION 


already noted by Parnas and Heller (23, 24), makes it important to add 
the carbonate to the blood immediately on drawing The ammonia 
value may be doubled when the blood stands 15 minutes without 
addition of carbonate If the blood is analyzed after standing If 
hours the increase may be 17 fold 

Blood urea determinations were made according to the method of 
Van Slyke and Cullen (33) 

The urea concentration index was calculated from the urea content 
of blood and urine by a modification of the original method of Austm, 
Stillman, and Van Slyke The present index 3 is calculated as 

Unne urea concentration / U /— 

— — X vec unne volume output per minute = — v V 

Blood urea concentration B 


The simple concentration ratio represents the number of times the 

x> 

kidney concentrates the urea m compressing it from blood concen- 
tration, B, to urme concentration, U, when the urine volume output 
is the average normal 1 cc per minute ( = 1440 cc per 24 hours) 
When the urine volume is less than 1 cc per minute, the concentra- 
tion U will normally be greater, and vice versa In order to correct 

for this volume effect we multiply the simple ratio ~ by the square 

root of the volume, an empirical correction which was found to hold 
for ordinary urme volumes (under 2 cc per minute) by Austin, Still- 
man, and Van Slyke) In order to apply the formula to subjects of 

V 

different weights, we have used the volume per kilo body weight, 


3 The present formula is identical with that of Austin, Stillman, and Van 
Slyke, but is rearranged into concentration terms for convenience in calcula- 

D 


i y 

tion and interpretation The former equation was K = ^^===, where D is 

the output of urea per time unit, B , V, and W having the same significance as 
above The output, D, is the product of the volume, V, and the concentration, U 

D UV 

Hence D = UV Substituting UV for D we ha veK — ^ r= - 


— + L- A more detailed account of the use of the concentration index will be 

Bi W 

given shortly m another paper (20) 
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instead of the absolute volume In this case we have used the cc 
hourly output as V, since for adults of average size, IF is about 60, 
, cc per hour 

and approximates cc per mrnute 

The concentration index % \/Y, or with the weight correction 

D 

u l~v 

— \ — , \ anes from 35 to 80 m normal subjects Occasionally a single 
B ' W 

determination as low as 30 may be encountered, but we have observed 
no normal subjects with an mdex repeatedly and consistently below 
35 That is, the normal adult, excreting urine at the average normal 
rate of 1 cc per mrnute, concentrates urea m the urine to at least 35 
times the blood concentration, usually between 40 and 60 The 
numerical values of the mdex with the present units of volume are 
6 5 times as great as the values with the units used in the Austin 
Stillman, Van Slyke mdex, which varied m normal subjects from 4 5 
to 10 5 


The phenolsulphonephthalein output was determined as described 
by Rowntree and Geraghty (27) The injections were made intrave- 
nously, and a fresh standard was prepared for each test 

The serum CO» content was determined according to the method of 
Van Slyke and Neill (34) 

The serum pH was determined according to the method of Hastings 
and Sendroy (10) 

To avoid reporting individually a large number of observations on 
patients, the daily acid and ammonia excretions have been averaged 
for periods of several weeks or months Changes m diet, treatment, 
or in the state of renal function were taken as reasons for starting new 
periods 


ANALYSIS OF RESULTS 

A ormal subjects (Table 3 and fig 1) Nmetv -five determinations 
of the ammonia-acid ratios were made on 11 normal subjects The 
collection of specimens was generally made over 2-hour periods in the 
course of the day No attempt was made to control the diet, fluid 
intake, or activity of these subjects The v olume, specific gravity, and 
the absolute amounts of ammonia and acid excretion v aned consider- 
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AMMONIA AND ACID EXCRETION 


TABLE 3 


The amnion a-acid ratio of normal individuals 


Number 

Subject 

Date 

Time 

Volume 

NIL 
excreted 
per hour 

Aad 
exacted 
per hour 

NH, 

A 





cc 

cc 0 1 N 

cc 0.1 A' 

ralto 

1 

L L 

4/ 6/25 

10 3S-12 12 

60 

15 5 

11 9 

1 30 




1 00- 3 00 

98 

14 5 

13 4 

1 08 




3 00- 5 00 

56 

16 1 

13 4 

1 20 



4/ 7/25 

S 20-10 20 

83 

11 3 

8 3 

1 36 




10 20-12 20 

68 

11 7 

11 1 

1 05 




1 05- 3 05 

90 

12 9 

17 9 

0 72 




3 05- 5 05 

64 

13 8 

15 9 

0 87 



4/ S/25 

12 30- 2 30 

99 

21 3 

16 4 

1 30 




2 30- 4 00 

50 

15 7 

17 6 

0 89 




4 00- 5 00 

38 

14 2 

17 3 

0 82 



4/ 9/25 

1 15- 3 00 

60 

14 7 

19 4 

0 76 



4/16/25 

S 35-11 20 

119 

8 4 

3 5 

2 40 




11 20- 2 35 

128 

7 7 

13 4 

0 57 



4/17/25 

8 30-11 00 

i 109 

9 5 

i 40 

2 37 




11 00-3 15 

198 

11 7 

11 4 

1 03 



4/23/25 

7 30- 9 15 

S6 

S 8 

5 0 

1 76 




9 15-11 15 

73 

10 2 

4 9 

2 08 




11 15- 1 15 

77 

12 6 

14 1 

0 90 




1 15- 3 15 

49 

9 9 

15 6 

0 63 




3 15- 5 00 

56 

18 4 

16 8 

1 10 



4/24/25 

7 30- 9 00 

130 

9 7 

6 3 

1 54 




9 00-11 00 

81 

12 4 

10 1 

1 23 




11 00- 1 00 

91 

13 5 

14 3 

0 95 




1 00- 3 00 

45 

14 7 

15 8 

0 93 

Average 

EDI 

2 

J G 

4/16/25 

10 07-12 17 

286 

12 4 

7 8 

1 59 




2 17- 4 17 

360 

9 0 

10 9 

0 83 



4/17/25 

9 40-11 40 

400 

8 9 

3 5 

2 54 

Average 

1 65 
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TABLE 3 — Conimtwi 


Number 

Subject 

Date 

Time 

\otume 

YH, 
excreted 
per hear 

Aad 
excreted 
per hour 

N"Hi 

A 





cc 

cc OJ \ 

cc 0J A 

ralu> 

3 

J C B 

4/ 8/23 

2 30- 4 00 

i 

55 

25 9 

14 9 

1 74 



4/ 9/25 

2 00- 3 33 

42 

29 9 

16 8 

1 78 



4/16/25 

11 45- 1 45 

64 

24 7 

14 1 

1 75 



4/17/25 

10 30-12 00 

116 

18 0 

7 3 

2 47 




12 00- 2 10 

IIS 

20 2 

12 5 

1 62 



4/23/25 

6 40- 9 00 

143 

23 0 

12 5 : 

1 84 




9 00-11 00 

157 

12 4 

3 7 

3 35 




11 00- 1 00 

7S 

15 2 

11 8 

1 29 




1 00- 3 00 

52 

21 5 

14 7 

1 46 



1 

3 00- 4 30 

43 

14 3 

9 4 

1 52 



4/24/25 

7 15- 9 15 

GO 

19 0 

10 7 

1 78 




9 15-11 15 

73 

19 6 

6 7 

2 93 




j 11 15- 3 15 

165 

37 5 

18 3 

2 05 

I 

\\ erage j 

1 97 

4 

J ^ 

4/11/25 

9 00-11 00 

107 

34 7 

13 8 

2 52 



4/16/25 

8 00-10 00 

435 

139 0 

144 0 

0 96 




2 00- 4 30 

72 

30 7 

26 6 

1 15 



4/17/25 

1 00- 2 30 

111 

' 

| 34 0 

35 1 

0 97 

Average 

1 40 

5 

E||g 

4/11/25 

9 00-11 00 

64 

22 2 

B 

2 96 



4/16/25 

10 30-11 05 

33 

26 8 

B 

! 1 96 




3 00- 4 00 

40 

26 3 

IB 

2 09 


HR 

4/17/25 

9 20-11 20 

78 

17 7 

B 

2 36 

Average 

2 34 

6 

\\ X 

4/6/25 

11 00- 1 00 

360 

29 9 

IS 6 

1 61 




1 00- 3 00 

290 

42 7 

33 6 

1 27 


1 


3 OO- 5 00 

265 

3S 4 

24 2 

1 59 
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TABLE 3 — Continued 


Number 

Subject 

D-itc 

Time 

Volume 

NIL 
excreted 
per hour 

Add 
excreted 
per hour 

NHa 

.d 





cc 

cc 01 N 

cc 01 N 

ratio 

6 

W \ 

4/ 7/25 

►— » 

0 

^/l 

1 

o 

-J \ 

430 

16 2 

7 3 

2 22 




1 05- 3 05 

416 

39 7 

28 5 

1 39 



4/ 8/25 

2 10- 3 45 

235 

29 4 

21 5 

1 37 




3 45- 5 00 

207 

17 3 

10 9 

1 59 



4/ 9/25 

12 30- 2 40 

408 

IS 0 

18 4 

0 98 



4/11/25 

S 55-10 55 

552 

21 S 

9 6 

2 27 



4/16/25 

8 50-11 05 

242 

18 8 

3 9 

4 S2 




1 30- 3 30 

216 

2S 8 

17 7 

1 63 



4/17/25 

10 30-12 15 

196 

7 8 

4 1 

1 90 



4/23/25 

7 00- 9 00 

529 

29 3 

! 22 4 

1 31 




9 00-11 03 

471 

18 7 

8 3 

2 25 




11 03- 1 45 

255 

10 0 

8 3 

1 20 




1 45- 3 20 

113 

16 2 

15 7 

1 03 




3 20- 5 10 

266 

16 6 

12 0 

1 3S 



4/24/25 

7 00- 9 05 

515 

2S 2 

23 2 

1 21 




9 05-11 15 

455 

16 3 

5 4 

3 02 




ll 15- 1 30 

30S 

18 6 

14 1 

1 32 




1 30- 3 17 

180 

32 3 

20 2 

1 60 

Average 

1 76 

7 

V s 

4/16/25 

9 00-12 00 

92 

16 6 

16 4 

1 01 




2 00- 4 00 

118 

28 6 

36 6 

0 78 



4/17/25 

11 00- 3 20 

176 

14 2 

14 7 

0 97 

Average 

0 92 

8 

W G 

4/ S/25 

3 10- 4 40 

52 

18 8 

13 7 

1 37 



4/9/25 

2 18- 4 42 

125 

11 9 

11 0 

l. 

1 08 

Average 

1 22 
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TABLE 3 — Ccndudtd 


Number 

Subject 

Date 

Time 

\olume 

NHj 
acre ted 
per boar 

Add 
excreted 
per hoar 

XHj 

A 





cc 

ee 0JA r 

u OJh 

rdto 

9 

JA.P 

4/ 9/25 

2 05- 4 05 

79 

23 2 

22 4 

1 03 



4/11/25 

9 25-11 30 

110 

19 4 

12 7 

1 53 



4/16 '25 

10 10-11 45 

76 

14 9 

10 9 

1 37 




11 45- 2 00 

100 

21 8 

20 6 

1 06 



4^17/25 

6 50- 9 03 

132 

14 5 

4 2 

3 45 




9 03-11 25 

137 

11 2 

4 1 

2 73 



4/23/25 

6 55- 9 15 

124 

32 2 

13 3 

2 42 




9 15-11 IS 

105 

15 5 

6 8 

2 28 




11 15- 1 25 

77 

17 7 

21 5 

0 82 




1 25- 3 30 

63 1 

25 6 | 

30 7 

1 0 S3 



4/24/25 

6 50- 9 20 

130 | 

21 0 | 

14 0 

1 50 




9 20-11 20 

86 

13 6 

5 6 

2 43 




11 20- 1 35 

70 

15 8 

18 7 

0 85 




1 35- 3 35 

65 

25 1 

23 2 

1 OS 

Average 

1 67 

10 

T N 

4/16/25 

11 30-12 30 

185 

73 4 

53 8 

1 36 




1 30- 3 30 

69 

19 6 

19 7 

1 00 



4/17/25 

8 30-10 30 

374 

106 2 

132 6 

0 80 




10 30 - 3 00 

184 

16 1 

14 5 

1 11 

Average 

1 07 

11 

S S 

4/16/25 

1 15- 3 15 

82 

12 3 

16 3 

0 75 



6/3/25 

10 10-11 45 

67 

10 6 

6 5 





11 45- 1 45 

140 

8 3 

6 8 

Gill 

Average 



ably The ratios varied between the extremes 0 6 and 4 9, but the 
majority fell between 0 8 and 2 5 The mean individual ratios fell 
between 0 9 and 2 3, the majority lying between 1 0 and 2 0, similar 
to those of Henderson and Palmer (13) Normal individ uals show 
for ammonia and acid excretion the wide flexibility which seems char- 


tox joumjfAx or cxnncux naxm oinon tox. u, to 3 
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AMMONIA AND ACID EXCRETION 


actenstic for normal kidney function For this reason, isolated esti- 
mations are of little value, the variability of the function is important 
as well as the value of the ratio 



Fig 1 The lines represent the entire range of ammonia-acid ratios for each 
case The solid blocks represent the mean ratios Two or more lines joined 
by a bracket represent different states of renal function in the same patient, as 
explained m the text The lines are numbered to correspond with the case 
numbers in the tables 

group showed normal values for the ammonia-acid ratio There was 
the usual variation in range for the individual and the averages The 
ratios varied from 0 56 to 5 0, the majority falling between 0 6 and 
2 8 The average of the ratios for the individual cases varied from 
1 02 to 2 9, all but one lying between 1 0 and 2 0 
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In B S , 13, the ammonia was always high and the aad excretion moderate, 
consequent, the ratio was high Dunng the period from March 25 to April 
18 large doses of calcium chloride were given after the method of Blum, Aube! 
and Haushnecht (3), there was a nse in ammonia output which reached a maxi- 
mum of 1000 cc. 0 1 N solution This ammonia formation presumably was the 
protective response of the organism to prevent acidosis from the HCI absorbed 
from the a dminis tered CaCl; (Sahesen, Ha st in gs and McIntosh (29)) The 
calcium chloride bad no effect on the edema Between May 20 and June 14 a 
high protein, low fat diet was given The protein was increased from 40 to 80 
grams, and thence by successiv e additions to 140 grams, i e , 4 4 grams per kilo 
body weight Analysis of the diets of Sherman's tables (30) shows that the 
excess of aad radicles over basic was in creased from 80 cc. of deanorxnal aad 
to approximately 400 cc. An increase in the output of aad and ammonia fol- 
lowed, but, whereas the calaum chloride produced a large increase of ammonia 
and a small increase of aad, the high protein diet produced a smaller output 
of ammonia but a larger increase of aad A y ear later, dunng a relapse, both 
the titratable aadity and the ratio were still high 

In another case, M R (17), the administration of 5 to 10 grams of calaum 
chlonde daily had a similar effect in increasing the ammoma-aad ratio, due to 
the excess excretion of ammonia over aad radicles In this patient the pH and 
bicarbonate of the serum remained normal as a result of this compensatory 
mechanism 

In another case, G H., 14, the lack of effect of sodium chlonde is shown, 
where the ratio remained fairly constant, as did the absolute figures 

In nephrosis, therefore, the kidney function as regards ammonia 
and aad excretion is normal This finding is in accord with the normal 
ability of the kidney to excrete and concentrate urea 

Table 5 shows 2 cases, B F , and S J , which came under observation with 
some of the characteristics of nephrosis, and later apparently developed renal 
msuffiaency In B F , probably complicated by some other underlying con- 
dition, possibly Addison’s disease, a change dunng the course of observaUon 
was indicated by a fall in the index of urea concentration and phthalem 
output A definite drop in the ammoma-aad ratio, with a tendency to fixation, 
ran parallel with these findings, although the ratio was still within the lower 
bmit of the normal The case S J was under observation during two different 
admissions to the hospital Dunng the first penod the ammoma-aad ratio was 
over 1, dunng the second penod there were signs of definite functional impair- 
ment, and the ratio had fallen to 0 54, and finally to 0 32, at which time there 
was a fixation at that low value The change m the variability of the ratio 
dunng these two penods is strikingly illustrated in figure 1, where the first 
column for this patient shows a fluctuation of ratio from 0.52 to 2 8, and the 
-econd from 0.24 to 0 76 
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Benign nephrosclerosis (Five cases, table 6 and fig 1 ) All of 
these patients had only moderately diminished renal function as 
indicated by the urea concentration index The NTh/acid ratios 
varied from 0 5 to 19, with the averages from 0 83 to 16 These 
average values are within the limits of normality, but it is seen from 
figure 1 that the range of variation is much less than that of normal 
subjects 

Glomerulonephritis , stage I {acuta) and stage II (Eight cases, table 7 
and fig 1 ) In this group are included some patients who recovered 
completely, some with residual albuminuria and slight hematuria, and 
others with edema and urinary findings such as to warrant the possi- 
bility of transition mto the chronic stages However, in all these 
patients the history is definitely that of an acute onset, and the find- 
ings at the end of the period of observation are compatible with normal 
kidney function The ratios in this group range from 0 31 to 4 0, the 
m'ajority lying between 0 6 and 2 0, with averages from 0 62 to 1 53 

The first 2 cases, W K , 25, and D L , 26, were comparatively mild, yet their 
ratios increased during the course of recovery 

D G , 28, was a severe case with marked edema (20 kilos over weight), low 
urea concentration index and phthalein output, increased blood urea, and some 
anemia Du ring this period the ammonia-acid ratio averaged 0 87, which is 
within the normal limits and, apparently, a discrepancy in view of the other 
findings However, the ratio varied considerably, at times falling far below the , 
normal limit This variation is interesting m view of the ultimate outcome, 
because the patient suddenly eliminated all the edema, at which time the blood 
urea, urea index, and phthahen output, and hemoglobin returned to normal, 
while the ammonia-acid ratio increased to the usual normal value, without 
recurrence of the low figures Further observations are desirable to determine 
the prognostic value of the variable but lowered ratio 

B B1 , 30, was a moderately severe case which had a low normal function at 
the tune of admission but later became normal During the first period the 
ammonia-acid ratio averaged 0 65 and was decidedly fixed between 0 54 and 
0 76 Later it rose to 0 93 

The output of acid and ammonia was a little low in the patient L S , 31, 
during the acute stage of his illness At the time that the edema was eliminated, 
the amm onia output increased and there was a temporary decrease in acidity 
with a rise in the ratio 

E A , 32, showed a ratio that was persistently at the lower limit of normal, 
although all other functional tests were normal Further observation is neces- 
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sary in order to determine the significance of such values in the face of other- 
wise normal functional and good clinical condition E A ma> exemplify a type 
of case in which a fixed low normal ammonia-acad ratio is the only evidence 
of functional disturbance in latent glomerulonephritis following apparent re- 
cmcry from acute nephritis The urea index and phthalein output were normal 

Glomerulonephritis, stage III (chrome) and malignant nephrosclerosis. 
(Thirty cases, tables 8 and 9 and fig 1 ) This group includes patients 
with chronic diminution of urea concentrating power of all degrees of 
set erity, from the early moderate forms of renal insufficiency to 
terminal cases with uremia and ability to concentrate only 5-fold or 
less An attempt has been made to arrange them in table 9 according 
to the state of renal compensation and clinical condition It is obvious 
that no sharp fines can be drawn on the basis of any functional tests, 
yet, on the whole, the milder forms of chrome nephritis have distinctly 
higher ammoma-acid ratios and urea indices than the more severe and 
uremic types As seen from table 8 and figure 1, the first 5 cases 
showed moderate lowering of the urea index, phthalem output, and 
ammoma-aad ratio, with moderate nitrogen retention The average 
ammoma-acid ratios in the first 6 patients ranged from 0 38 to 0 88, 
with one higher terminal value of 1 18 m J D , who died of septicemia 
The remaining cases were of increasing seventy In these the am- 
moma-aad ratio decreased to a value as low as 0 07 m one case, M 
K , 56, and all were below 0 47, with the exception of S L , 49, in 
whom the ratio was 0 6 during one penod In the severe uremic 
cases, 58, 59, 60, 61, the ratio paradoxically rose to infinity m the 
terminal analyses due to an alkaline unne, which m turn may have 
been due to a terminal bacterial con tamin ation of the unne. The 
patients were m coma, and the resulting urinary retention, such as 
occurred m 61, may have led to bacterial decomposition 
In the group of chrome glomerulonephritis with diminished urea 
excreting function, there was a striking fixation of the ammoma-aad 
ratio as well as of the urea mdex, the only exceptions bemg m the 
terminal a lkalin e urines mentioned above It can be seen from the 
table that the low ratios are due to lowered ammonia excretion, 
never to unusually high daily aad output 

Cases V S and N H , 61 and 62, are glomerulonephritis on a scle- 
rotic basis, which would be classified by Volhard and Fahr as malignant 
nephrosclerosis 



TABLE 7 

'asts of glomerulonephritis, Stage I {acute) and Stage II 
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Cases of glomerulonephritis, St^i 



■Stars H 

14 38 
41 

15 42 


I’cnod of observation 


May 23-July 27 

1923 

March 4-March 25 
November 27-No\ ember 29 



140/78 0 21 27 8 51 

120/68 0 15 24 6 

130/65 0 23 23 9 50 


34 F M 


35 A Sd 


36 J O’M 


37 H M 


38 M G 


39 H L 


40 F P 


41 R N 


42 I C 


43 PL 



33 January 31-March 4 

I March 6-March 30 

April 1-May S 

1922 

54 March 5-March 29 

May 15-June 14 

1923 

41 October 12-December 24 

December 25-March 27 

1922 

18 April S-Apnl 19 

1925 

33 May 27-May 30 

1922 

29 5 May 10-June 5 

31 November 5-November 30 


1SS-W 0 15 18 8 25 

0 20 10 0 31 

0 26 17 5 47 

0 57 9 0 24 


115/70 0 43 

0 19 


16 2 51 

20 7 45 

18 4 15 


128/74 0 12 31 0 52 


160/110 0 18 
120/90 0 44 


31 6 41 
8 4 30 


1 24 

6L2 October 22-November 26 198/104 0 32 13 


58 4 December 12-Januaiy 17 
January 18-January 31 
February 13-February 24 
March 4-March 16 
March 17-April 16 
1922 

51 March 20-ApnI 11 

May 18-June 4 
1925 

57 January 13-January 29 

January 30-March 18 


150/100 0 21 

124/80 0 32* 

126/82 0 27 

115/80 0 19 

130/80 0 16 

130/80 0 24 

0 31 

164/90 0 31 

124/74 0 26 


20 0 46 

24 4 50 

14 9 43 

17 6 47 

18 6 31 

17 4 50 

16 2 49 


* During urea therapy 
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and malignant nephrosclerosis 
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30-50 

117 

157 

0 75 




70 

103 

162 

0 64 



7 29 

10 

328 

277 

1 IS 


Soda bicarbonate, 27 gm. Died De- 







camber 2, 1923, of septicemia 

7 34 

30-^35 

10S 

154 

0 70 


Edema elimination 


33-40 

90 

157 

0 57 



7 38 

40 

130 

181 

0 72 


Died Nox ember 1924, of pneumonia. 


40-50 

S5 

197 

0 43 




60-70 

170 

193 

0 SS 




50 

144 

250 

0 5S 




60-70 

114 

297 

0 3S 




30-50 

55 

9S 

0 56 




35 

63 

321 

0 20 




50 

91 

209 

0 43 




45 

51 

169 

0 30 


Asates and hydrothorax 

7 40 

60 

112 

237 

0 47 


Died December 6 1924 

7 44 

65 

115 

459 

0 25 




65 

94 

430 

0 22 


Nephrotic type, urea, 30 gnu per day 

7 40 

100 

101 

359 

0 28 




60 

91 

208 

0 44 




75 

69 

249 

0 2S 

0 01 



60 

66 

297 

0 22 




70 

49 

226 

0 22 


Died May 24, 1924 

7 39 

60 

94 
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0 27 




73 

84 

246 

0 34 

0 09 
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IWiocI of observation 


1^1 s 


44 SLy 
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50 M F 


51 CA 
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16 49 


20 30 
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February 20-Tcbruary 22 
March 4-March 27 

1924-1925 

October 5-March 7 
May 20-May 22 
1925 

February 19-May 19 
April 27-May 22 

1921-1922 

November 26-January 10 
January 12-June 13 

1924 

June 30-July 17 

1925 

January 19-Fcbruary 17 
February 27-March 17 
March 22-Apnl 21 
April 22-May 12 

1921 

^November 1-November 5 
November 6-November 24 
November 27-December 11 

1922 

February 1-Apnl 12 


December 26-December 29 

1923 

25 48 January' 7-January 21 

January 23-February 13 
February 15-March 8 
March 11-May 27 

1924 

34 50 October 13-December 19 


17 57 


C m 

158/100 0 28 13 6 > 

165/102 

0 17 13 6 i 



128/68 

142/80 

146/90 

200/130 


0 33 

140/80 0 36 


160/130 0 92 
155/130 0 66 
150/130 0 84 
130/100 1 14 

188/122 0 31 

0 20 
0 12 

140/70 0 29 


180/130 0 78 

155/105 0 54 
145/95 0 53 

160/110 0 55 

180/104 0 72 


15 2 ® 

34 4 5? 

20 5 53 

9 1 15 

17 8 51 

10 2 « 


4 5 Traci 
35 
1 5 
1 3 

23 0 l 6 
9 6 » 
12 5 31 


6 2 17 

5 0 20 

5 9 

5 1 26 


, - Trai 

33 48 December 2-December 19 220/120 0 47 9 


January 13-Januaiy 27 


5 2 Tr* 
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50 
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50 

60 
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) 

50 

46 
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0 24 



2 

55 

62 
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0 20 





24 
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0 24 



5 

40-50 

61 

205 

0 30 

0 01 


7 

50 

48 

139 

0 35 




30-60 
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321 

0 41 




60 

90 

300 

0 30 




20-10 

51 

122 

0 42 



7 

45 

44 

154 

0 29 




45 

22 

87 
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41 
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0 37 

0 06 




15 

51 

0 29 


Died May 26, 1925 

2 

30 
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Acidosis, 60 gm. NaHCO, 


35 | 

55 1 
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0 29 
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I 

30 
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I 

0 61 
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Edema elimination 


50 

74 
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0 39 




40 
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Died June 1924 

S9 
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69 
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40-50 

70 
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0 26 


Edema elimination 


60-70 

69 
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0 29 
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Died Apnl 20, 1925 

55 

55 
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0 25 
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Died Jul), 1924 
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TABLII - 


Number 

Case 

(1 

N tC 

Body weight edema 
free 

Period of observation 

Blood pressure 

Blood urea N per 
liter 

> 

a 

■0 

3 

8 

u 

P> 

£ 

s 

s 

n 

t 5 . 

} 

i 




$cars 

Its 

. 1921 




(trac 

53 
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56 
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1 28 
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1924 





54 | 

A 

S 

27 

47 
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1S0/135 

0 7-2 2 
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1923 





55 

J 

M 

28 

55 

October 2S-October 29 

205/140 

2 19 








1923 





56 | 

M 

K 

24 

44 

October 5-October 6 

200/lb5 

1 58 

1 







1924 





57 

R S 1 

31 

44 

November 3-December 13 

158/96 

0 53 

46 

Tbs 






December 14- January 13 

170/100 

0 73 

46 

Tbs 






1925 










January 14-February 17 

182/112 

0 82 

3 8 

Tbs 






1923 





58 

J 

C 

27 

60 

October 25-November 13 

170/117 

0 42 

9 1 

2f 





I 

November 15-December 20 


0 62 

6 6 

11 






1924 

i 









March 20-Apnl 14 j 

195/130 j 

2 87 

2 7 







1925 




<5 

59 

A 

Bkt 

62 

60 

Apnl 30 

200/140 

0 72 


60 j 

H 

Ft 

38 

61 

April 30 

180/100 

2 48 


<10 






1921 





61 

V 

S 

27 

48 

October 24-October 30 

206/126 

1 55 

3 9 







October 31-November 1 










1924 





62 

N 

H 

52 

S3 4 

October 11-October 31 

212/120 

0 67 

5 9 



t These cases were obtained from the Presby tenan Hospital through the courtesy of Dr AtcU«) 


Autopsies were performed onj D,M H A , S L , E L,E Sk , 
A S , J M , and V S , and the findings m each case confirmed the 
clinical diagnosis 

Acid and ammonia excretion m nephritic acidosis As pointed out 
above, m normal individuals and in nephrosis the threat of acidosis 
induced by administration of calcium chloride leads to a somewhat 
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10-50 

44 

259 

0 17 



70-90 

57 

248 

-0 23 


Died March 17, 1921 

30-2 

21 

70 

0 30 


Died Maj 30 1924 

6-0 

18 

127 

0 14 


Died October 30, 1923 

30-0 

9 

135 

0 07 


Became incontinent Died October 11, 






1923 

55 

19 

162 

0 12 



60 

40 

305 

0 13 



60 

21 

184 

0 11 


Died May 12 1925 

50-60 

119 

369 

0 32 



60 

620 

Neutral 

CO 



30-0 

349 

75 

4 66 


Died Apnl 15, 1924 


748 

Alkaline 

CO 

0 01 

Uremia, edema, blood creatinine 4.2 mg 






in 100 cc. 


298 

Alkaline 

CO 

0 02 

Uremia, blood creatinine, 26 6 mg per 






100 cc. Died May 21 

50 

11 

82 

0 13 


Malignant nephrosclerosis. Uremia, 






blood creatinine, 24 7 mg. m 100 cc. 


295 

Alkaline 

CO 


Died November 1, 1921 

55 

44 

163 

0 27 


Malignant nephrosclerosis 


greater proportional mcrease m the excretion of amm onia than in that 
of acid, so that the ammoma-aad ratio increases In contrast nth 
this is the reaction of the kidney m chronic nephritis (7) Thus, in 
S L , 44, whose ammoma-aad ratio was ahead)’ low, the administra- 
tion of calaum chloride led to no significant mcrease in the amm onia 
excretion or the ammoma-aad ratio It is presumable, therefore, 



TABLE 9 

Acidosis and the ammonia-acid ratio in glomerulonephritis. Stage III 
Case A B , No 63 Age 8 Weight 18 kg 
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that the acidosis noted in the more severe forms of nephritis (A S , 
54, and A B , 63) was due to inability of the orga nism to form more 
than small amounts of ammonia 

The spontaneous occurrence of acidosis m a severe form is illus- 
trated in the case of A B , 63, a boy of 8, who had had glomerulo- 
nephritis for 3 years and who was under observation for the last 3 
months of his life (table 9) There was no history of edema and the 


TABLE 10 

The ammonia content of the blood in normal and nephritic subjects 


Subject 

Urea 

index 

Ammonia 
excre- 
tion per 
day 

Aad 

excretion per 
day 

NHj 

A 

Blood 

VHi-N 

per 

100 cc- 

Diagnosis 



a OJh 

u OJX 

ratio 

mz 


L L 

54 0 

12 9* 

12 4* 

1 04 

0 06 

Normal 

W N 

44 2 

23 5* 

15 6‘ 

1 51 

0 10 

Normal 

G G 

34 6 

21S 

243 

0 90 

0 

Nephrosis 

M R. 

28 2 

134 

116 

1 16 

0 01 

Nephrosis 

B F 

31 5 

312 

166 

1 88 

0 02 

Nephrosis 

D G 

73 S 

232 

181 

1 28 

0 01 

Glomerulonephritis, 







Stage I 

R.N 

18 6 

69 

249 

0 28 

0 01 

Glomerulonephritis, 







Stage IH 

P L 

21 7 

84 

246 

0 34 

0 09 

Glomerulonephritis, 







Stage IH 

M McC 

20 5 

61 

205 

0 30 

0 01 

Glomerulonephritis, 







Stage m 

H H A. 

1 5 

41 

112 

0 37 

0 06 

Glomerulonephritis, 







Stage EG 

A. Bb. 


748 

Alkaline 


0 01 

Glomerulonephritis, 







Stage m 

ELF 


293 

Alkaline 


0 02 



* Excretion per hour 


blood pressure was not raised There was retention of nitrogen at 
the time Of admission and this rapidly increased He had convulsions 
which were associated with extreme uncompensated acidosis, this 
was partially controlled with bicarbonate and no further convulsions 
occurred With this persistent acidosis the excretion of ammonia 
and titratable acidity was small and steadily diminished As both were 
equally affected the ratio did not change Hence it appears that there 
is a possibility of only a moderately diminished ammonia-acid ratio 
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in severe forms of nephritis when the titratable acid excretion is also 
unpaired, and acidosis develops On the other hand, m spite of the 
low ammonia excretion, if the titratable acid remains at about the 
normal level, acidosis may be, and frequently is, absent 

Caution appears necessary in the use of calcium chloride, ammonium 
chloride, or an}' other acid forming diuretic, m the attempt to elimi- 
nate edema m patients with low ammonia-acid ratios, or with ad- 
vanced glomerulonephritis The kidneys may be unable to respond 
to the extra strain on the acid excreting mechanism, and acid intoxi- 
cation may develop It is desirable to follow the pH and bicarbonate 
of the serum closely during the use of such diuretics 

The ammonia of the blood Table 10 shows values for blood am- 
monia nitrogen in normal subjects and m different types of nephritis, 
including terminal uremia The highest figure, 0 10 mg per 100 cc , 
occurred in a normal subject, and the lowest figures, 0 to 0 01, oc- 
curred m individuals with various forms of nephritis Similar results 
have been reported by Rabinowitch (26) and Russell (28), who used 
the Nash and Benedict technique (21) In spite of the fact that there 
was a markedly diminished ammonia excretion in some of the cases, 
the blood ammonia showed no increase These observations indicate 
that no retention of ammonia occurs comparable to that of other 
nitrogenous constituents The diminished ammonia output is due 
not to retention but to diminished formation 

SUMMARY 

In those forms of nephritis ( nephrosis and benign nephrosclerosis) 
in which the urea excreting function is quantitatively unimpaired, 
both ammonia and titratable acid have been found to be excreted m 
normal amount and proportion The usual ammonia-acid ratios m 
the urine m such cases exceed 1 

In acute glomerulonephritis a tendency to low ammonia-acid ratios 
was present m some cases, absent m others 

In those forms of nephritis with quantitatively impaired urea con- 
centrating function ( chronic glomerulonephritis and some cases of acute 
glomerulonephritis ) there was regularly a low ammonia-acid ratio of 
0 7 to 0 1 m the urine It was due, as found by Henderson and Palmer, 
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to diminished ammonia output The titratable acidity was relatn ely 
well maintained until the final stage of complete renal insufficiency 

The drop m the ammoma-aad ratio, was not always proportional 
to the fall in urea excreting power nor to the se\ enty of the clinical 
condition Cases with clinically mild chrome nephritis and urea con- 
centration indices of 20 to 30 (instead of the usual normal above 40) 
may show ammoma-aad ratios as low (0 2 to 0 3) as other cases ap- 
proaching uremia and with concentration indices below 5 A possible 
explanation of the failure of the amm oma-aad ratio to be propor- 
tionalh depressed m cases with very Ion urea function is that in them 
the abilitj to excrete titratable aad as well as ammonia is reduced 

The ammonia content of the blood was as low or lower in those 
forms of nephritis with dimin ished ammonia output as m normal 
individuals The fall in ammonia excretion m glomerulonephritis ap- 
pears, therefore, due not to ammonia retention m the body, but to 
failure to form ammonia in proportions normally related to those of 
the aad metabolites The concurrence of diminished ammonia for- 
mation with diminished kidnej function is compatible with the con- 
clusion of Nash and Benedict, that ammonia is formed in the kidnej 

The determination of the ammoma-aad ratio m the urine is tech- 
nically simple, and consistently normal values of the ratio m repeated 
determinations appear to exclude the possibility of serious renal 
impairment The fall m the ratio, however, although present in all 
cases thus far observed with impaired urea concentrating power, does 
not regularlj parallel the fall in the urea concentrating or excreting 
power The decrease in urea function is more cl os eh correlated 
with the clinical se\ enty of the nephritis 
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T HE EFFECT OF IODINE BY MOUTH ON THE REACTION 
TO INTRAVENOUS INJECTIONS OF THYROXIN 


B\ CYRUS C STURGIS, SALVADOR ZUBIRAX, GUY W Y.ELLS and 
THEODORE BADGER 

(From tie Medical Clime of the Peter Bent Brigham Hospital) 

(Received for publication Xovcmber 2, 1925) 

Repeated observations within recent jears hate shown that the 
oral administration of iodine will usual!} be followed by a striking 
reduction m the basal metabolism in patients with exophthalmic 
goiter A histologic study of the thyroid glands which hare been 
removed from these patients gr\ es evidence that definite involutional 
changes follow the use of iodine nhich indicate an anatomic regression 
toward a normal or colloid resting state (1) It has, therefore, been 
assumed on iery good evidence that the anatomic alteration of the 
gland, in part, at least explains the reduction m the basal metabolism 
and the associated improvement in the patient’s condition Another 
possible explanation of this phenomenon is that iodine may ha\ e a 
direct effect, in some unknown manner, on the circulating product 
of the thyroid gland whether the latter is an excessive or abnormal 
secretion or both In order to obtain information bearing on the 
action of iodine on a pure excess of the secretion of the thyroid gland, 
the following experimental studies were earned out 
In bnef, the plan of experimentation consisted in determining 
the effect of intravenous injections of thyroxin in rabbits as indicated 
by changes in the basal metabolism, pulse-rate, and body-weight. 
Following this the observations were repeated with similar intrax enous 
injections of thyroxin, after the animals had been given iodine orally 
m the form of Lugol’s solution Under these conditions an oppor- 
tunity uas afforded to observe if iodine by mouth can alter, m any 
nay, the animals' response to thyroxin 

METHODS 

The animals used were healthy, male rabbits of various breeds 
They were of different ages, although an attempt was made to secure 
about six months old rabbits, about one-half of these animal*; were 
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of this age During the course of the experiments, which usually 
extended over long periods, several animals developed “snuffles” 
As long as the animal’s body temperature remained normal, this 
had no apparent effect on the bod}’'- weight, pulse rate, or basal 
metabolism as indicated by the control animals If the temperature 
rose above normal the experiment was immediately terminated 
The animals were kept m ordinary cages and fed a liberal diet con- 
sisting of oats and “greens” which was roughly measured A record 
was kept of all the food given which was not consumed 

The heart rate v as determined by means of an electrocardiograph 
tracing which was necessary as the normal rate of a rabbit vanes 
between 200 and 250 per minute, and m some instances, following 
the thyroxin injections, it rose to over 400 beats per minute In' 
order to keep the animals quiet during the pulse-rate determination 
it was necessary to restram them on an animal board, which was not 
ideal as the heart rate was probably accelerated by these manipula- 
tions For comparative studies, however, this was satisfactory as 
indicated by the control animals m whom the heart rate remained 
very constant 

The basal metabolism was calculated from the oxygen consumption, 
which was determined by means of a closed chamber apparatus com- 
prised of an animal chamber with a water seal, a bell of 8 liters capac- 
ity suspended m water, an electric blower, and a soda-kme container 
for the removal of carbon dioxide The chamber and movable bell 
which recorded the contraction of air m the circuit and as much more 
of the apparatus as possible were enclosed in a water bath The 
chamber and bell were provided with thermometers, reading in 
hundredths of a degree centigrade, m order to record if the tempera- 
ture in the circuit was constant throughout A small blower m the 
circuit was connected by a direct shaft to an electric motor which 
provided a ventilation of approximately 20 liters per minute Air 
leaks m the system gave very little difficulty after all the connections 
were once made tight Each day, however, a test of tightness was 
made on the apparatus before the experiment was begun To avoid 
any accumulation of carbon dioxide in the system the soda-lime was 
changed at suitable intervals, and as a further check the contained 
air, following an experment, was forced through a solution of barium 
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hydroxide in order to detect the slightest trace of carbon dioxide 
In no instance was there an} evidence that the C0 2 was not being 
remo\ ed efficient!} The accuracy of the apparatus was determined 
by frequent alcohol check tests (2) and a variation averaging 5 per 
cent was found As this error was constant and indicated that the 
observed oxygen consumption was always 5 per cent less than the 
theoretical, it was considered satisfactory for our purposes As the 
animals were confined m a chamber m which it was impossible to see 
them move, it was necessary to use a suitable apparatus to record 
muscular movements. This was accomplished, m all but the first 
few experiments, by means of a recording pen which was attached 
to the movable spirometer bell Each time the animals moved a 
graphic record was made on a rev olvmg drum and thereby a perma- 
nent record of muscular movements was obtained While the 
activity of different animals varied, it maj be said that m general 
they were quiet, and it was usually possible to obtain satisfactory 
periods In each instance in which the animals mov ed a significant 
amount, it has been noted and considered in the interpretation of the 
results The animals were fed each day at about 5 p m., and if 
any portion of the food remained in the cage the following morning 
its presence was noted and it was removed several hours before the 
metabolism determination The procedure followed in determin- 
ing the metabolism was to place the animal m the chamber for a 
preliminary period of one-half to one hour After conditions were 
constant, and the animal quiet, the oxygen consumption was recorded 
for two fifteen minute periods In almost all instances these periods 
agreed within 5 per cent. After having ob tamed the ox}gen con- 
sumption, the figures were changed to calories, by the assumption 
of a respiratory quotient of 0 92, and by reference to the table of 
Zuntz and Schumburg (3) which gives the calorific value of a liter 
of oxygen for v anous non-protein respiratory quotients The results 
were then expressed m per cent of normal by use of the av erage nor- 
mal values of heat production per kilo m rabbits given by E Voit 
(4) Although some question maj arise concerning correctness of 
the assumed respirator} quotients and normal values of heat pro- 
duction for rabbits which were used, this has no bearing on the 
present use of them, as the observations are merel} comparative. 
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It would have been possible to utilize the actual oxygen consumption, 
expressed m cubic centimeters with as satisfactory results The 
thyroxin used was Squibbs crystals of the highest grade It was 
given m doses of 1 mg after bemg put m solution m distilled water 
by rendering it slightly alkaline with dilute sodium hydroxide The 
Lugol’s solution (Liquor Iodi Composition) was given m doses of 
0 1 cc by mouth 
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Chart 1 Experiment 14 The Effect of 1 mg of Thyroxin Intravenously 
for Sixteen Consecutive Days 

P, pulse-rate recorded m beats per minute, W, body-weight in grains, M, 
metabolism in per cent of normal, X, 1 mg of thyroxin intravenously 

THE EFFECT OF THE INTRAVENOUS INJECTION OF THYROXIN IN 

RABBITS 

Chart 1 (experiment 14) illustrates the effect of the administration 
of thyroxin over a period of sixteen days After a control period 
of nine days m which the metabolism and body-weight was recorded 
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daily, and the pulse rate determined on four da> s of the period, the 
thyroxin injections were begun in doses of 1 mg intravenously and 
continued for sixteen consecutive days as indicated by the cross 
marks at the chart It will be noted that during the control period 
the pulse-rate remained very constant, the range being between 210 
and 230 per min ute The body-weight was likewise fairly constant, 
although there was a slight tendency for the animal to gam weight 



Chart 2 Experiment 46 The Effect of Repeated Milligram Doses of 
Thyroxin Intravenously on the Pulse-rate, Body-Weight and 

Metabolism 

As there was an immediate drop m weight following the use of the 
thyroxin, this made the effect even more convincing During the 
control period the basal metabolism v aned as much as 12 per cent, 
although the variations from one day to the next was very much 
less, and there was no constant tendency for the metabolism curve 
to proceed upward or downward Following the injection of thy- 
roxin there was an effect, slight but definite, wi thin twenty-four 
hours as indicated by an accelerated pulse-rate, a decrease in body- 
weight, and an increased metabolism As the drug was continued there 
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was a remarkable symmetrical rise m the pulse-rate which was par- 
alleled by the metabolism After the thyroxin had been injected for 
sixteen consecutive days, the pulse-rate was 450 per minute, and the 
metabolism had increased from —39 to +71 Coincident with 
these changes the body-weight diminished from 2900 gm to 1925 gm , 
which represents a loss of 975 gm or approximately 35 per cent of the 
original body-weight Although the animal's food consumption 
was onfy measured roughly, it w r as apparent that a normal amount 



Chart 3 Experiment 18 The Effect of Thyroxin Which Was Given in 
Milligram Doses for Three Consecutive Days, Then Omitted for 
Fifteen Days, and Resumed for Eight Doses 

was consumed during the major portion of the experiment, although 
much less was eaten during the last few days of observation It was 
obvious, however, that the chief cause of the loss of weight was due 
to the elevated metabolism The experiment was terminated on the 
twenty-fifth day as it was clear that the characteristic effects of 
thyroxin had been demonstrated These results were duplicated in 
experiment 46 (chart 2) m which 1 mg of thyroxin was given for 
fourteen consecutive days after a satisfactory control penod of eight 
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da) s The thyroxin was successfully gi\ en on twelve days On the 
succeeding two da) s, attempts were made to administer the drug 
but probably only a small amount was actually injected as the ear 
veins were in poor condition Chart 3 (experiment 18) shows the 
characteristic response to thyroxin, first, following its injection on 
three consecutive days, and again after an interval of sixteen days, 
at which time the drug was given in milligram doses for eight days 
The striking increase m pulse-rate and basal metabolism when con- 
sidered with the rather abrupt drop m body-weight, which follows 
shortly after the injection of thyroxin intravenously, appears to be 
entirely convincing that this drug is responsible for these changes 
and indicates that a rabbit will respond with characteristic alterations 
m pulse-rate, basal metabolism and body-weight after thyroxin is 
administered m doses similar to those used in the above experiments 

THE EFFECT OF THE SIMULTANEOUS ADMINISTRATION OF THXROXIN 

AND IODINE 

Experiment 14 (chart 4) shows observations on an animal over a 
period of forty-rune days This chart shows, first, the customary 
changes in the pulse-rate, basal metabolism and body-weight which 
are associated with the intravenous injections of thyroxin on three 
consecutive days After this response had subsided, Lugol’s solu- 
tion, by mouth, was begun m daily doses of 0 1 cc , well diluted with 
water, and continued throughout the experiment After this dosage 
had continued for eight days, thyroxin was also gi\ en daily in milli- 
gram doses for eight days, the animal received, therefore, 0 1 cc of 
Lugol’s solution and 1 mg of thyroxin daily for this period A com- 
parison with the alterations in pulse-rate, basal metabolism and body- 
weight m the two periods during which the thyroxin was adminis- 
tered, shows that while the changes m the second period may be 
slightly greater than m the first, yet at this time more than twice as 
much thyroxin was given, and the animals response was m every 
way similar to that elicited in an animal by the injection of a similar 
amount of thyroxin and to which Lugol’s solution had not been given 
(see chart 3) It is apparent from thiq chart that the animal gamed 
considerably in body-weight during the forty-rune day period of 
study This is most readily explained by the observation that con- 
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Chart 4 Experiment 14 Illustrating That Iodine by Mouth Does 
Not Effect the Response to Thyroxin 


At the top of the chart, X following Lugol’s, indicates that 0 1 cc was given by 
mouth on that day 
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trol animals in the laboratory gamed a similar amount of weight 
which indicated that the environment, m which all of the animals 
were kept, permitted this Experiment 46 (chart 5) is a duplicate of 
experiment 14, and confirms m e\ ery respect the changes which had 
previously been observed Additional studies were made which 
amply confirmed these experiments and indicated that observ ations 
in this direction would be a needless duplication of results 

DISCUSSION 

From these experiments it is apparent that striking changes m 
the pulse-rate, basal metabolism and body-weight may be produced 
m rabbits by the mtra\enous injection of thyroxin These changes 
are characteristic as they appear regularly following the injection 
of the drug, and they are similar to changes observed m patients 
with exophthalmic goiter although it can not be stated that the 
typical syndrome of the disease has been produced in animals Ad- 
ditional observations indicate that the saturation of an animal with 
lodme by mouth m the form of Lugol’s solution, had no effect on the 
anticipated response to injections of thyroxin If thyroxin is the 
active principle of the thyroid gland which is now generally accepted 
and it is assumed that the syndrome of exophthalmic goiter results 
from a pure excess of the substance, then it seems clear, from these 
experiments, that iodine has no effect on the circulating thyroxin, 
but must exert its influence on the rate of production of this sub- 
stance in the gland itself In addition, judging from a few unre- 
ported observations made m this laboratory, there is no evidence 
which suggests that iodine by mouth, at least in normal individuals 
diminishes the normal rate of secretion of the thyroid gland, as the 
administration of iodine m man is not followed by a decrease in the 
basal metabolism The experiments which are reported in this 
article are not incompatible with Pl umm er’s theory (5) that the 
symptoms of exophthalmic goiter are due to an altered secretion oi 
the thyroid gland and that this abnormal secretion may become moie 
nearly normal following the administration of iodine They furnish 
no support to it, however, except that further evidence is produced 
which is m accord with the theoiy that exophthalmic goiter is not 
due to a pure excess of thyroid secretion 
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CONCLUSIONS 

1 The intravenous injection of thyroxin m rabbits produces a 
characteristic increase m the pulse-rate, basal metabolism and a 
decrease in the body-weight 

2 The administration of Lugol’s solution has no effect m altermg 
the characteristic response, in rabbits, to injections of thyroxin. 
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THE EFFECT OF A STANDARD EXERCISE UPON THE 
OXYGEN CONSUMPTION OF NORMAL, OVERWEIGHT, 
AND CHRONICALLY ELL INDIVIDUALS* 

Bv BYROX D BCfiVEX avd MABEL E CARRIER 
( From the Bujiato General Hospital) 

(Received for publication January 4, 1926) 

INTRODUCTION 

This work was originally undertaken eighteen months ago, with 
the thought that possibly a study of the oxygen consumption during a 
standard exerase and the length of time required for the subject to 
paj r off his oxygen debt might be of some value in appraising the 
fitness of an individual We were disappointed to find that 
normal individuals varied widely in their percentage of oxygen 
consumption during exercise, according to their surface area How- 
ever, in duplicating the tests on the first subjects studied, we found 
that the response to exerase was constant in the individual, indicating 
that the test was accurate despite the wide variation that occurred in 
different subjects Because of this individual constancy, it was de- 
eded to extend the study to include individuals who were overweight 
and those who had miscellaneous chrome diseases 

The literature upon the effect of work upon respiratory metabolism 
has been so recently reviewed by Boothbv and Sandiford (4) that 
it seems unnecessary to include an extensive consideration of it here, 
particularly when so little of it has a bearing on the phase of the 
problem to which thw work pertains 

Smith (8) m an extensive study upon walking finds that m eight 
subjects the increase m energy expended in horizontal walking from 
standing varied from 0 454 to 0 618 gram-calone for each horizontal 
kilogram-meter, and that variations in speed under SO meters per 
minute had no effect upon the results, but above that point the 
expenditure of energy increased proportionately with/ the speed 

Presented in abstract before tie joint meeting of The Federation of Amencan 
Societies for Experimental Biologj, at Cleveland, Ohio, December 30, 1925 
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Strouse, Wang and Owen (9) report a resum6 of a study of the 
mechanical efficiency, as measured by a bicycle ergometer, on thirteen 
obese, ten normal, and si\ tlun subjects Their figures show that 
the obese spend more energy on a given piece of work than the normal 
and that the thm people are the most efficient of the three groups 
Peabody, Sturgis, Barker and Reed (7) compared the oxygen con- 
sumption and pulmonary ventilation of eleven ambulatory cardiac 
patients with normal subjects, during standing, and walking sixty 
steps The same relative changes in the oxygen consumption and 
pulmonary ventilation were found m the two groups 

In the monograph by Hill and Lupton (6) upon Muscular Exercise, 
Lactic Acid, and Supply of Oxygen, they state, that in a moderate 
exercise the respiratory quotient should remain at unity, because the 
protein buffers of the muscle should neutralize all the lactic acid 
formed, so that little C0 2 should be driven out In their experiments 
they found that after a moderate exerase the oxygen intake would 
return to its resting level m six to eight mmutes Their observations, 
we imagine, were made with atmospheric air, while ours were made 
with pure oxygen so the results may not be comparable 

Benedict and Benedict (2) studied the effect of minor muscular 
movements upon the metabolism and found that some of them had a 
definite influence upon the consumption of oxygen, — thus, fifteen 
movements of the arm per minute produced an increase in the metab- 
olism of about 11 per cent, and three movements of the leg per minute 
caused an increase of about 13 per cent in the metabolism 

Boothby and Sandiford, whose work will be referred to later on, 
have shown, in a senes of fourteen patients with hyperthyroidism, 
that they require nearly twice as much energy to perform a given 
piece of work as do normal persons or patients with other diseases 

METHOD OF STUDY 

The subjects were all studied in the post-absorptive state, not having had food 
for twelve to fifteen hours The Portable Benedict (1) apparatus was used for all 
the determinations The surface area formula of DuBois and DuBois (5) was 
used in calculating both the basal and exercise metabolic rates The formulas 
proposed by West (10) were used in the calculation of the vital capacity in per- 
centages, the height formula being used for those who were obese or overweight, 
and the surface area formula for all the others 



BYRON D BOWEN AND MABEL E C ABATER 


301 


In the choice of a satisfactory exercise with which the Benedict Portable ap- 
paratus could be used, we thought it beat to select some activity whtch would be 
comparable to walking so that it could be made as nearly automatic as possible and 
so that the relation of the amount of work done to the individual would be as near 
a constant as possible The subject lay on his back and was required to lift his 
lower extremities rhythmicalh and altemateh , so as to touch with his toes a 
string which was placed a gn en distance, corresponding to about one pace, fr >m 
the plane on which he was Kong 
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* B.M R — basal metabolic rate expressed in per cent aboie or below 100 
t E JMJR — exercise metabolic rate expressed in per cent abor e or below 100 


The subject’s basal metabolism was first determined after a period of rest, 
usually at least thirty minutes, allowing a sufficient time for the pulse rate and 
blood pressure to become stabilized. No subjects having any degree of fex er were 
studied The apparatus was tested for leakage before each experiment by placing 
a 100 gram weight on top of the spirometer which was filled with oxygen, and 
checking the reading at the end of six minutes 1\ e required that the oxy gen 
consumed in six minutes should check another period within 20 cc. After the 
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TABLE 2 

Obese and overweight subjects ( arranged in order of n eight) 
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* Diabetic 

t Anemic type of obesity with diabetes Patient fatigues so that only one six-minute 
exercise observation could be made 
J "Breeches” type of obesity 

basal metabolism was satisfactorily determined, the oxygen consumption during 
exerase was determined in the following way A string was placed across the foot 
of the cot 30 inches above the surface so that the subject could easily touch it with 
his toes as his lower extremity swung through the arc A metronome was placed 
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near the foot of the cot and set so that it clicked sect} -sis times per minute. The 
subject was then instructed to touch the string with the toe at the first beat of the 
metronome and to touch the bed with the heel at the second beat, alternating the 
lower extremities In other words, each lower extremity was lifted so that the 
toe touched the string about seventeen times per minute It appeared that this 
exerase, to the well-beaten time, became, after a moment’s practise, very rbyth- 

TABtE 3 
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mica! and easj for the large majontv of the subjects As soon as the subject got 
well into the swing of thu, exerase, the spirometer reading was taken b\ the 
Emmes method, and it was taken again at the end of the six minutes when the 
subject was instructed to stop the exerase A three minute rest period was then 
given with the subject detached from the mouthpiece Another six-mmute period 
was then run in the same manner at the end of which, however, the subject was not 
detached from the apparatus but allowed to breathe orv gen after the exercise 
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was stopped The readings were then taken every minute until the reading for 
one minute corresponded lvithin a few cubic centimeters of the basal oxygen 
consumption for one minute 

The pulse was counted ever,' five minutes during the rest period before the 
basal metabolism was taken, and before, once during, and after each exerase 
period 

The calculations were all based upon a universal respiratory quotient of 0 82 
during rest, and of unity during exercise It is probable that the exact respiratory 
quotient lies somewhere between those two figures, and it certainly is improbable, 
judging from the work of Hill, and Benedict and Cathcart (3), that such a moder- 
ate exercise would give a respirator}' quotient over unity In any event the differ- 
ence m exercise metabolism, whether figured with a respirator}’- quotient of 0 82 
or unit}', w'ould usually be less than 5 per cent, which is negligible 
The data obtained are presented in tabular form 

DISCUSSION 

Seventy-one observations on the metabolism dunng exerase were 
made on fifty-six subjects and m fifty-five of them the periods checked 
wuthm 160 cc , m the remaining sixteen, the difference was slightly 
more than this However, of the fiftv-five who did check within 
160 cc , manv checked within 40 cc and a few' exactly 
Many of the subjects complained of slight fatigue following both of 
the periods of exercise How'ever, very few experienced moderate 
fatigue, and only one, subject 2, an individual vuth diabetes and 
obesity, had excessive fatigue so that she did not care to go through 
the second exercise period It is noteworthy, that with this subject 
we obtained about the lowest percentage increase in metabolism 
dunng exercise All of the other subjects had suffiaently recovered 
by the end of the three-minute rest period following the first exerase 
to go through the second period willingly 

Of course, it is obvious that the amoimt of work done by each 
individual is different and that it is impossible to quantitate the 
amount of this work However, the length and weight of the lower 
extremity bear a more or less constant ratio to the length and weight 
of the trunk so that the amount of energy expended is relative to the 
mdividual The results of the increase in metabolism produced by 
the exerase must then be expressed m percentages above the normal 
basal metabolic rate, which has been computed by the surface area 
formula, so that they will be comparable Had we used a measurable 
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amount of work such as lifting a weight through a specified distance 
there would also have been inconstant factors which are unmeasurable 
such as the relation of the mdii’idual to the amount of work, and the 
energy consumed by the part of the body which w r as selected to move 
that weight 

In going over the data that have been presented m the tables it is 
evident that the large variation m oxygen consumption, both absolute 
and relative, during this standard exercise, in different individuals, 
makes any analysis or appraisal extremely difficult This variation 
is, no doubt, attributable to many indeterminate factors such as 
possibly, fitness of the individual, temperament, and unequal ratios 
between the w r eight and length of the longer extremity to the weight 
and length of the trunk Nevertheless, w r e feel that the energy 
expended in performing his exercise w r ould be, in general, comparable 
to the work done while the subject was walking at the same rate and 
with the same pace 

It is quite evident from the tables, that the rate of the basal metab- 
olism usually predetermines to some extent the rate of the oxygen 
consumption during exercise, those with a low basal metabolism, 
even though they were not definitely abnormal, showed a tendency 
to consume less oxygen during exerase, and on the other hand, those 
having even a slight increase m the basal metabolism usually con- 
sumed relatively more oxygen during activity There are, however, 
a few notable exceptions to this observation for instance subject 19, 
who had chronic myocarditis, auricular fibrillation, and at times, heart 
block, without cardiac failure, had a basal metabolism of minus 28 
per cent while his metabohsm during exercise w 7 as plus 139 per cent 
and his basal exerase ratio was 1 3 32, it is of interest, however, to 
note that he required eight minutes to return after exercise to his 
basal metabolic rate Subject 53, who had recently developed a 
“breeches” type of obesity, had a basal metabohsm of minus 21 per 
cent, but an exercise metabohsm of plus 184 per cent, this probably is 
to be expected because of the relatively increased weight of the lower 
extremities Furthermore, the accuracy of this observation is borne 
out by the fact that in the fourteen subjects on whom we were able to 
get duplicate observations, and on one, subject 33, on whom triplicate 
observations were made, the oxygen consumption during exercise 
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checked very well with the previous determination if the basal me- 
tabolism did Four subjects, 23, 33, 42 and 28, had a lower oxygen 
consumption at the second test which corresponded proportionately 
to the lower basal metabolism which they manifested at the same 
time Subject 33 showed the clinical manifestations of hyperthyroid- 
ism without any marked increase in the basal metabolic rate Her 
oxygen consumptions during exercise were plus 269 and plus 198 


TABLE S 

Condensed data on fourteen subjects upon whom duplicate observations were made 


Subject 

First test 

Second test 

BaiaJ-exerase ratio 

BMJR. 

EX1JL 

B3LR. 

E3LR. 

First test 

Second test 


Per cent 

Per cent 

Per cent 

Per cert 







28 

97 

192 

81 

162 

i 
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97 


2 

0* 

33 

99 

268 
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i 

2 

74 


2 

76 

23 

97 

244 

85 

218 

i 

2 

53 

i 

2 

56 

4? 

123 

353 

114 

318 

i 

2 

87 

i 

2 

78 

24 

85 

184 

87 

177 

i 

2 

16 

i 

2 

13 

21 

97 

227 

97 


i 

2 

34 

i 

2 

44 

10 

101 

270 

103 

K ■ 

i 

2 

67 

i 

2 

53 

32 

111 

228 

106 

228 

i 

2 

05 

i 

2 

15 

22 

92 

215 

89 

212 

i 

2 

34 

i 

2 

38 

13 

99 

190 

S3 

189 

i 

1 

91 

i 

2 

03 

27 

101 

249 

101 

259 

i 

2 

47 

i 

2 

56 

26 

101 

214 

103 

211 

i 

2 

12 

i 

2 

05 

14 

70 

200 

71 

202 

i 

2 

86 

i 

2 

86 

11 

104 

305 

105 

309 

i 

2 

93 

i 

2 

94 


•Example In the ratio 97 192 81 162 the product of the means (15,552) very 
near!} equals the product of the extremes (15,714) The ratios are determined b> divid- 


ing the actual exercise rate b> the actual basal rate, thus equals 1 978 , therefore the 

ratio is 1 1 978 

per cent respectively, with a six-day period of rest intervening About 
six weeks following a thyroidectomy, her basal metabolic rate had 
dropped to minus 1 per cent and her exercise rate had dropped to plus 
169 per cent The condensed data from the fourteen subjects upon 
whom duplicate observations were made are presented in table 5 
The first four subjects were the only ones who showed any essential 
change m their basal and exercise metabolism It will be noted that 
m each case the product of the means almost exact!} corresponds to 
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the product of the extremes, and that the ratios on the first and 
second tests were about equal, even though the results of the me- 
tabolism determinations varied 

Upon critical examination of the results reported on the cost of 
work m a senes of five normal subjects and eighteen patients with 
miscellaneous diseases studied by Boothby and Sandiford, it will be 
seen that those having basal metabolic rates lower than the normal 
standard reqiured fewer calones for each kilogram-meter, and on the 
other hand, those having higher basal metabolic rates required more, 
with the prominent exception of the three patients mth leukaemia who 
had a definite increase m metabolism but a normal respone to exercise, 
and one case of myxoedema whose metabolism was low dunng rest 
but slightly elevated dunng activity, as was observed in our case 
These authors, also, made repeated observations on one case of 
exophthalmic goitre before and after thyroidectomy, dunng basal 
conditions and while walking on a treadmill taking 24 to 30 steps per 
minute Upon analysis of these data it is remarkable that the basal 
exerase ratio remained at about 1 2 dunng the many observations 
even though the basal metabolic rate varied from plus 59 per cent 
before operation to plus 7 per cent afterwards, and the metabolic rate 
dunng exercise vaned from plus 221 per cent before to plus 108 
per cent sixteen days afterwards 

In analyzing the basal-exerase ratios of our senes, it was found 
that the average of the ratios for the twenty subjects who were below 
or of normal weight was 12 31 and the average of the twenty-one who 
were overweight or obese was nearly identical — 1 2 45 The basal- 
exercise ratios of the fourteen subjects on whom repeated experiments 
were done agreed within a small decimal, even though the basal 
metabolic rate had changed appreaably as it had m four of the subjects 
In subject 33, a case of mild hyperthyroidism, however, the ratios of 
the first and second tests did not agree, but the results of the second 
and third readings did In this case there was a penod of six days 
rest between the first and second tests and a thyroidectomy between 
the second and third In view of these findings, and the wide 
variation that occurred in the basal exerase ratios of all subjects, it is 
at least suggested that all people have a rather individual response 
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to effort which tends to bear a more or less constant relation to 
their basal metabolic rate 

It has been the experience of one of us (B D B ) and of many other 
obsen ers, that the caloric value of the diet does not plav as important 
a r61e m the gam or loss of weight as one might expect, thus some 
patients fail to gam weight on high diets, and, on the other hand, some 
obese people do not respond to surprisingly low diets, even though 
they hav e been under strict hospital supervision The present study 
of the response to exerase does not clanfv this phenomenon Subject 
31, for instance, an active man with diabetes, who received a diet of 
1900 calories and 20 units of insulin daily for the past three years, 
during which time he gamed 20 kilograms m weight, had an exercise 
metabohsm of plus 166 per cent and a basal-exerase ratio of 1 3 05 
Our obsen ations appear to be further proof of the futility of estimat- 
ing a patient’s diet by adding a certain percentage to his basal calories 
to provide for his activities 

It is unfortunate that we have not a larger group of individuals who 
could be classified as strictly normal with regard to their weight, 
height, basal metabohsm and general health— only seven can be 
included m this group It will be noted that the highest difference m 
the jiercentages of oxygen consumption for these subjects \aned from 
plus 84 to plus 170 per cent However, in the obese and ov erweight 
group, there are six individuals who m our opinion, are classified as 
overweight The response to the exerase m this small group was 
fairly constant as will be noted from table 2, with the exception of 
subject p3 whose accumulation of fat was almost entirely confined 
to the lower extremities 

Of the file diabetic patients who were definitely thm (52, 20, 45, 
16 and 42) there is a variation m the exercise metabolism from plus 
89 per cent to plus 253 per cent, which is somewhat relative, however, 
to the basal metabolic rate We were particularly interested in the 
findings of this group because, with the exception of subject 20, their 
diabetes had been under control for some time and they had been on 
rather high diets They had, for some reason, failed to gam v eight 
in proportion to the calonc value of their diets as other patients had 
done This apparently could not be explained on the basis of a high 
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oxygen consumption, especially when we consider subject 42 who had 
the highest metabolism and who had gamed the most weight, increas- 
ing from 48 2 to 52 5 kg in seven months, with a slight decrease m 
both Ins basal and exercise metabolic rates 

The average rate of the metabolism determinations dunng exercise 
of the twenty diabetic and normal subjects who w r cre of normal weight 
was 121 9 per cent and the average rate of the tw r enty-one obese and 
overweight subjects, both diabetic and non-diabetic, w>as 124 4 per 
cent It then does not appear that weight is a prominent factor in 
bringing about variations in oxygen consumption dunng exerase in 
fact obese individuals seem to use about as much energy in proportion 
to their surface area as do normal individuals 

The subjects composing the obese and overweight group do not 
appear to have such wade vanations m their response to exerase as 
was demonstrated in the other groups Subject 40, however, is an 
exception This patient was the only one who because of her short 
lower extremities had difficulty m reaching the stnng and expenenced 
considerable fatigue as the result of the effort Her oxygen consump- 
tion dunng exerase was considerably increased as was her recovery 
penod after the exerase It is quite possible that m this case the 
slight increase in the basal metabolism (plus 10 per cent) together with 
the extra effort might have contnbuted somewhat to the high exerase 
metabolic rate It is not our belief, however, that differences in the 
ease with which the stnng could be reached by the toes was a common 
cause of vanations m the response to the exercise Subject 44, also 
had short lower extremities but her exerase metabolic rate was plus 
116 per cent 

Subject 11 was taken out of the normal group because he was a thin, 
physically mfenor, individual with a kypho-scokosis and a pigeon 
breast The vital capaaty of his lungs was also considerably dimin- 
ished considenng his surface area — 76 per cent It will be noted that 
the ratios of his basal and exerase oxygen consumption were, upon two 
occasions, 1 2 93 and 1 . 2 94 respectively His recovery penod was 
normal — three min utes — probably because his arculation was ade- 
quate 

Subject 14, apparently was normal in every respect except that his 
metabohe rate was consistently and abnormally diminished His 
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basal-exerase oxy gen ratio, however, was higher than the av erage — 
1 2 86 Subject 9, could not be satisfactorily diagnosed, but he was 
considered a case of psychoneurosis It is of interest that, although 
he consumed relatively little oxygen during exercise he likewise 
required a correspondingly" small amount during rest, and had a basal- 
exercise ratio of 1 1 92 which is less than the average for normal 
individuals One case of myxoedema, which was of five years stand- 
ing, showed a ratio of 1 2 S 

This exerase did not produce any striking increase m the pulse rate 
with the exception that, as would be expected, the cardiac and hyper- 
thyroidism patients consistently showed an increase of about fifteen 
beats The majority of the other subjects did not show an increase 
in the pulse rate of over six beats, while a few increased up to twelve 
No observations were made on the length of time required for the 
pulse rate to return to its basal rate Records of the ratal capaaties 
on all subjects have also been recorded, but so far as we could deter- 
mine, no consistent correlation could be made 

There are included in the miscellaneous group, seven cases of heart 
disease, mostly with valvular lesions, who had but shght heart failure 
without marked decrease in the ratal capaaty of the lungs, with the 
exception of subjects 6 and 30 In four of these cases (5, 19, 37, and 1) 
there appeared to be an increase m the oxygen consumption during 
exercise considerably above what we had found in the other groups 
It may" be significant that the recovery" periods of these four were found 
to be longer than we observed m other patients, which probably was 
a manifestation of their inadequate circulation This corresponds 
somewhat to the observations of Peabody" et al who found that the 
return to normal of the minute-r olume of the respiration and heart 
rate were delayed in cardiac patients following exercise as compared 
to normal individuals The recovery to a normal resting oxygen 
consumption is probably dependent upon the same phenomena as the 
return to a normal pulmonary" ventilation Similarly" we observ ed the 
same shght delay" in the recov ery period m two cases of mild hyper- 
thyroidism 

STJVGIARV 

The individuals composing all the groups showed a rather wide 
variation in them response to exerase as far as oxygen consumption 
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was concerned These are probably dependent upon factors, which, 
without present methods of study, arc beyond our reach, and possibly 
are related only to the individual Yet, despite this variation the 
averages of the exercise metabolism m two groups — those w r ho were 
thin or of normal weight and those who w'ere obese or overweight — 
agreed very closely, 1219 and 124 4 per cent above the basal rate, 
respectively Tlus would indicate that it costs the overweight indi- 
vidual absolutely more and relatively just as much energy to move his 
lower extremities as it docs the individual w r ho is thin, or of normal 
v r eight 

As far as our observations could lead us, it appears that the basal 
metabolic rate w r as the most influential single factor m determining 
the amount of oxygen used during the exercise The evidence points 
to the probabihty that each person has an individual rate of oxygen 
consumption during exercise and that his basal-exercise metabolism 
ratio is constant even though his basal metabolic rate should change 
The observations upon the length of time required for the subjects 
to pay off their oxygen debt after exerase suggest that such observa- 
tions might be of value m the study of cardiac patients, in which 
group we found the recovery period to be quite uniformly prolonged 
While there was close agreement in the percentage increase of the 
exerase metabolism in the x r anous groups, there w r as usually such a 
wide individual variation that the study has not yielded as much 
information with regard to a standard response as was hoped Possi- 
bly with refinements of study and closer analysis of the subjects, from 
all points of view, the test might be helpful 
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EFFECT OF PHENYLHYDRAZINE DERIVATIVES IN 
THE TREATMENT OF POLYCYTHEMIA 


B\ PERRIN' H LON'G 

(.From the Thorndike Memorial Laboratory, Boston City Hospital, Boston, Massachusetts) 

(Receiv ed for publication January 22, 1 926) 

The use of phenylhydrazme dent atives as therapeutic agents was 
introduced soon alter the discot ery of acetyl phenylhydrazme (pyro- 
dm) by Liebreich It was employ-ed as an antipyretic. Renvers 
(1), m discussing this drug, pointed out that while its action as an 
antipyretic was fairly efficient, its toxic action upon the red blood 
cells made its use dangerous He descnbes a case of rheumatic 
fever in which pyrodin grains 0 5 was grven for three days, following 
which the red blood cell count dropped to two million eight hundred 
thousand cells A distinct icterus developed and at the same time 
the urme became burgundy colored and contained much urobilin 
A senes of similar ill effects was noted by other obsen ers who used 
the phenylhydrazme denvatives as antipyretics For many years 
these drugs were employed only m the production of experimental 
anemias m animals and it was not until 1908 that Morawitz and 
Pratt (2) suggested that phenylhydrazme hydrochloride should be 
given a trial m polycythemia 

Sometime later Eppmger and Kloss (3) reported that they had 
obtained satisfactory results with this drug, usmg at first 10 cc. of a 
5 per cent solution injected subcutaneously m a case of poly cytbemia 
Further observation convinced them that oral administration was as 
effectrve as subcutaneous injection A reduction of the red blood 
cells and hemoglobin with an occasional leukocytosis was noted 
Taschenberg (4) also used the drug in poly cytbemia with a satis- 
factory decrease of the red blood cells and a fall m the percent of 
hemoglobin to normal limits His observations led him to believe 
that a specific resistance to pheny Iby drazme was developed by the 
red cells which necessitated the administration of increasingly large 
doses to brrng about the desired results 
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The untoward effects of the therapy were pointed out by Strass- 
burgcr (5) who treated two cases of polycythemia with phenylhy- 
drazine hydrochloride In lus first case, as a result of too intensive 
treatment, the red count dropped to 2,600,000, with a hemoglobin of 
64 per cent, and the patient felt very weak at this period His second 
case, treated with smaller amounts was greatly benefited by the 
therapy Geisbock (6) described a patient suffering from polycy- 
themia hypertomca with a systolic blood pressure of 180 mm of 
mercury Under treatment with phenylhydrazme hydrochloride 
the patient’s red blood count was reduced to normal and the systolic 
pressure lowered to 120 mm 

At the Johns Hopkins Clinic, Owen (7) treated one case with ex- 
cellent results The red blood cells and hemoglobin reached a point 
somewhat below normal, with a simultaneous relief of the subjective 
symptoms After three months, however, there was a recurrence 
of symptoms and the patient returned for further treatment The 
second course of treatment showed that with the original dosage the 
red blood count could again be controlled as in the first course of 
treatment Levi (8) believed that cirrhosis of the liver is accentuated 
by blood destruction and he advised against the use of phenlyhdrazine 
m patients suffering from polycythemia 

In the Thorndike Memorial Laboratory, phenylhydrazme deriva- 
tives have been administered to three patients with polycythemia and 
one patient with hypertension The observations here reported are 
the results of a study of the therapeutic dosage, the mode of action 
of the drug and the benefits derived therefrom It is recognized that 
the senes is not sufficiently large to warrant general conclusions, 
but certain actions of the drug seem very constant and are illustrated 
in the case reports that follow 

Case I F S A Jewish housewife, aged 68, entered the hospital August 24, 
complaining of pains in the arms, legs and chest Her past and family history 
were unimportant The shin of the patient’s face and hands had been a dusky 
red color for eighteen years In 1918 she began to have pains in her long bones 
and at that time a diagnosis of polycythemia vera was made She had x-ray 
and radium therapy over her long bones with no improvement m her condition 
The pain had steadily increased until the time of entry into the hospital 

The physical examination showed a poorly nourished and poorly developed 
woman who was complaining bitterly The skin of the entire body, and especially 
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that of the hands and feet, had a dusk} red tint. Numerous spider angiomata 
occurred in the shin of the face The conjunctnae were moderate!} injected 
The mucous membranes of the mouth were a slat} blue color Her tongue was not 
atrophic The heart and lungs were normal A moderate smooth peripheral 
arteno-sclerosis was present. Blood pressure — 130/70 The spleen was not felt 


TABLE 1 


Dite 

Hemo- 

globin 

i 

Red 

b T ood cells { 

| 

White 
b T ood cells 

Reticulated 

cells 

Plasma 

bihrubm 

Drus 


' per cent 

millions 

thnuands 

percent 

rsfTt 

irons 

August 19 

135 

10 0 

5 0 


0 4 


August 21 

1 (Venesection 300 cc.) 


0 44 


August 25 

139 

8 3 


0 2 



August 27 

(A enesection 500 cc.) 




August 27 

133 

81 





September 2 

135 

85 





September 10 

133 

8 2 





September 16 

125 

7 3 

4 2 

0 3 

0 44 


September 16 






0 1 

September 17 

126 

7 3 

5 6 



0 1 

September 18 

131 

7 3 

6 7 



0 1 

September 19 

121 

6 6 

6 5 



0 1 

September 20 

115 

6 4 

5 6 



0 1 

September 21 

112 

6 6 

5 6 




September 22 

112 

6 5 

6 8 

1 3 

1 0 

0 1 

September 23 

108 

6 4 

7 9 



0 1 

September 24 

105 

6 0 

9 6 



0 1 

September 25 

99 

5 9 

6 1 



0 1 

September 26 

92 

5 4 

6 8 




September 27 

93 

5 6 

6 9 




September 28 






0 1 

September 28 

93 

6 0 

8 0 



0 1 

September 29 

91 

4 6 

7 4 


0 8 

0 1 

September 30 

90 

5 3 

6 0 

2 1 



October 1 

82 

4 8 

10 3 




October 2 

72 

5 4 

S 6 




October 3 

76 

5 5 

S S 




October 4 

74 

4 0 

6 S 




October 5 

71 

4 2 

6 9 




October 6 

76 

4 6 

6 1 

3 7 

0 9 



Laboratorx data Red blood cells — 8.360,000 Hemoglobin (Newcomer- 
Haldane) — 139 per cent White blood cells — 5,000 The smear showed slight 
achromia Reticulated red blood cells — 0 2 per cent. Hematocrit — 62 per cent 
Blood bihrubm (Van den Bergh) — 0 4 mgm per 100 cc of plasma with a delased 
direct diazo reaction The blood V as^ermann was negative. The gastric 
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contents showed free hydrochloric acid The urine and stool were normal 
Basal metabolism (Aub-Dubois) — }-12 percent Diagnosis Pohcythemia vera 

As a preliminary measure the patient received two venesections 
during winch a liter of blood was removed, but the red blood cell 
count and hemoglobin were not affected Three weeks after the 
last venesection, treatment with phenylhydrazme hydrochloride in 
doses of 0 1 gram per day was started 

As wall be noted m table 1, there was a rapid decrease m the hemo- 
globin content of the blood and m the total number of red blood cells 
The changes in the subjective symptoms of the patient did not parallel 
the blood picture, and it was not until several days after the drug 
was discontinued that the pains m the long bones and thorax dis- 
appeared The urine, which before the administration of the drug 
had been a light straw r color, became a dark amber color soon after the 
treatment w r as instituted A moderate reduction of Benedict’s 
Solution was noted on the first day and urobilin made its appearance 
on the third day There ivas no albuminuria or hematuria at any 
time 

The patient was discharged greatly improved with instructions 
to return for further observations m a month’s tune Nothing more 
was heard of her until May, 1925, w r hen she entered the hospital 
complaining of pam in the long bones and epigastrium After leav- 
ing the hospital in October, 1924, she remained in good health for 
three months, when a recurrence of symptoms became evident She 
obtained phenylhydrazme hydrochloride capsules from the out- 
patient department of another hospital, and instead of following the 
instructions given there took seven capsules in as many days Very 
little relief was obtamed, however, and the pam so steadily increased 
that she decided to re-enter this hospital for treatment 

At the time of the second entry the physical examination had not changed 
The red blood cells numbered ten million Hemoglobin (Newcome r-Iialdane) 

130 per cent White blood cells — 9,800 The smear showed a slight achromia 
Reticulated red blood cells — 0 1 per cent Hematocrit — 58 5 per cent Blood 
bilirubin (Van den Bergh) — 0 5 mgm per 100 cc of plasma with a delayed direct 
diazo reaction The blood Wassermann w’as negative The gastric contents 
showed free hydrochloric acid The unne and stool were normal 
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TABLE 2 


Date 

Hemo- 

globin 

Red 

b’ood cells 




Dra^ 


per cml 


Ihozuunds 

fer cent 


tram 

Ma\ 18 

130 

9 3 

7 8 

0 2 



Mij 20 

140 

S 8 

12 1 




Ma> 21 

139 

9 4 

12 1 




Ma> 22 




0 8 

0 5 

0 1 

Ma> 23 

140 

8 9 

9 4 



0 1 

Ma> 21 

145 

9 6 

7 9 



0 1 

Maj 25 

135 

11 1 

10 8 



0 1 

Mai 26 

125 

8 4 

11 9 

19 0 

0 6 

0 1 

Maj 27 

125 

8 4 

10 6 



0 1 

Maj 28 

135 

7 4 

7“~5 



0 2 

Ma> 29 

130 

9 8 

11 2 



0 2 

June 1 

125 

7 9 

11 5 



0 2 

June 2 

125 

7 4 

11 9 



0 2 

June 3 

109 

6 4 

9 6 

39 0 

1 4 

0 2 

June 4 

109 

6 4 

9 0 



0 2 

June 6 

101 

6 5 

12 2 




June 7 

9S 

5 6 

18 0 




June 8 

93 

5 9 

15 6 




June 10 

62 

3 8 

16 1 


3 6 


June 11 

60 

3 0 

24 0 




June 13 

53 

2 9 

19 6 




June 14 

52 

2 4 

17 0 




June 17 

24 5 

1 8 

19 S 




June 18 

25 0 

m 

20 2 

34 0 

1 2 


June 19 

29 


22 0 

46 0 



June 21 

31 

m 

18 4 

43 0 



June 22 

31 0 

Sffl 

14 2 


4 2 


June 23 

2S 0 

1 5 

9 8 

40 0 



June 25 

28 4 

1 4 

7 7 




June 26 

28 

1 3 

9 0 




June 26 

(Transfused 500 cc. extra ted blood) 



June 27 

36 

2 1 

7 6 




June 30 

41 

2 4 

7 0 

10 0 



Jul> 2 





0 2 


JuK 4 

4S 

2 3 

4 4 




JuK 7 

46 

2 5 

7 0 

5 0 



Jul> 12 

46 

2 3 

8 5 

1 0 



JuK 19 

72 

3 9 

9 7 





Treatment with phenylhj draznie h> drochlonde was instituted as 
is shown m table 2 As the patient seemed rather resistant to treat- 
ment, it was thought ad its able to increase the drug gradually The 
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phenylhyclrazine was stopped when the hemoglobin reached 101 
per cent Despite the cessation of treatment the blood continued 
to fall rapidly With the decrease in the red count the patient be- 
came very weak and she suffered constantly from gastric distress 
Because of her prostration and gastric distress the decision was made 
to transfuse her, following which procedure an improvement w'as 
noted within a short time Her strength returned and the nausea 
and vomiting ceased The red blood cell count slowly increased 
until she w r as discharged, when the blood picture was approaching 
normal 

Case II G W A white American shoe inspector aged 63, entered the hospital 
September 21, 1924, complaining of a partial paralysis of the right side His family 
and past history were unimportant The patient stated that in 1921 his friends 
remarked about his “high color ” He had felt very well until November, 1922, 
when he had a monoplegia of his left leg He entered a hospital and remained there 
sir w'eeks He returned to work and remained in good health until May, 1923, 
when he had a right-sided hemiplegia The patient entered a hospital and stayed 
there six months, during which period he suffered from severe headaches He was 
told that he had “too much blood” and frequent venesections were performed wuth 
no relief His hemiplegia improved and he w as able to w alk wuth the aid of crutches, 
but throughout the past year he has suffered from daily headaches 

The physical examination revealed a well nourished man, oriented m all respects 
The skin of the face and hands had a beefy red hue There w ere man}' small spider 
angiomata over the maxillary prominences The conjunctivae and the mucous 
membranes of the mouth were injected The tongue w r as not atrophic The 
heart and lungs were normal A moderate amount of smooth sclerosis was present 
in the radials, brachials, and temporals Blood pressure — 148/96 Residual 
findings of a right hemiplegia w'ere present 

Laboratory data Red blood cells — 10,230,000 Hemoglobin (Newcomer- 
Haldane) — 122 per cent White blood cells — 18,300 The smear showed slight 
achromia Reticulated red blood cells — 0 8 per cent Hematocrit — 62 per cent 
Blood bihrubm (Van den Bergh) — 0 3 mgm per 100 cc of blood plasma The 
unne and stool were normal Diagnosis Polycythemia vera 

Inasmuch as the red blood cell count of this patient did not diminish 
under the original dosage it was deemed advisable to increase the 
amount of phenylhydrazme as is shown in table 3 This was done 
without producing any untoward events The clinical condition of 
the patient improved from the beginning of his treatment His 
headaches soon disappeared and he gradually became stronger A 



PERRIN H LONG 


321 


TABLE 3 


Dite 

Hemo- 

globin 

Red 

b T ood cells 

White 
b’ood cells 

Rcticalittt 

micella 

Plasma. 

bSirobin 

Drag 


Per cent 

niUtons 

thou tends 


r'frj. 

trctxj 

September 25 

122 

10 2 

18 3 


0 3 


September 29 

128 

9 8 

14 7 


10 4 

0 1 

September 30 

133 

10 0 

17 5 



0 1 

October 1 

124 

9 7 

17 4 



0 1 

October 2 

118 

9 6 

15 8 



0 1 

October 3 

118 

9 S 

16 8 



0 1 

October 4 

120 

9 8 

18 0 



0 1 

October 5 

118 


17 1 



0 1 

October 6 

116 



1 4 

0 8 

0 1 

October 7 

125 


12 4 



0 2 

October 8 

123 

8 7 

18 1 



0 1 

October 9 

125 

9 1 

16 4 



0 2 

October 10 

135 

9 8 

17 9 



0 1 

October 11 

133 

10 2 

17 4 



0 2 

October 12 

125 

9 9 

18 6 



0 1 

October 13 

127 

8 2 

16 1 


0 7 

0 2 

October 14 

125 

8 7 

15 3 



0 1 

October 15 

125 

8 9 

26 2 



0 2 

October 16 

125 

8 4 

21 3 



0 2 

October 17 

127 

9 0 

20 8 



0 2 

October IS 

116 

9 4 

21 8 

1 4 


0 2 

October 20 

114 

8 8 

14 9 


0 9 

02 

October 21 

122 

9 7 

20 4 



0 2 

October 22 

122 

9 0 

16 4 



0 2 

October 23 

122 

9 1 





October 24 

116 

9 3 

16 8 




October 25 

116 

7 9 

20 4 


1 2 


October 27 

111 

7 9 

17 6 


1 2 


October 28 

114 

8 6 

24 4 




October 29 

10S 

8 4 

25 0 




October 30 

111 

8 3 

22 0 




October 31 

108 

8 2 

23 0 



0 4 

Non ember 3 

106 

7 6 

26 1 

3 4 

1 4 


Non ember 4 

106 

7 3 

24 1 




No\ ember 5 

102 

7 1 

20 6 




Non ember 6 

106 


21 9 


» 


Non, ember 7 

104 


22 3 




Non ember 8 

102 

6 0 

26 9 




N member 10 

101 

5 9 

24 0 


1 1 


Non ember 11 

97 

5 9 

24 5 
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phlebitis of the internal saphenous -\eins of both legs was the only- 
incident during the whole period of treatment and tins cleared up 
rapidly under symptomatic therapy 
The urmc w Inch was straw-colored pnor to the administration of 
phcnjdhydrazme, soon developed a dark amber color and caused a 
moderate reduction of Benedict's Solution throughout the period of 
treatment Urobilinogen was present from the third day until 


TAHLr 4 


Date 

Jkmo 

glabm 

Red 

blood 

cells 

Vi hltc 
blood 
cells 

Relicu 
hted 
red cell. 

Pluma 

bilirubin 

Drug 

Blood 

pressure 


per cent 

millions 




m 

mm Up 

December 30 

92 

5 2 

S 7 



i 

260/140 

December 31 

92 

5 4 

S 6 



■ ;V 


January 2 

S9 

5 3 

8 2 



■ 

240/130 

January 3 

84 

4 S 

8 5 





January 4 

84 

5 1 

S 3 



0 1 

240/150 

January 7 

81 

4 4 




0 1 


January' 9 

80 

4 2 




0 2 

220/130 

January' 13 

78 

4 0 




0 1 


January 15 

61 

3 3 





180/90 

January' 16 

5S 

2 3 






January 17 

42 

2 3 



! 

! 

1 

January 18 

34 

2 0 

S 9 

13 6 




January 20 

34 

2 0 

9 6 

14 4 

1 2 


180/90 

January 22 

I 34 

2 3 

7 8 

17 3 




January 24 

41 

2 7 

7 9 

13 2 



190/80 

January 26 

43 

2 7 

6 3 

15 8 




January 29 

51 

2 5 

4 4 

10 4 



140/80 

February 1 

70 

3 4 






February 3 

61 

3 1 


4 3 




February 8 

80 

3 7 


1 8 



195/110 


three weeks after the cessation of the drug There was no albami- 
nuna or hematuna at any time Methemoglobin was found in the 
blood spectroscopically during treatment This patient was dis- 
charged completely relieved of all symptoms in any way referable 
to his polycythemia 

The beneficial results obtained by Geisbock in a case of polycy- 
themia hypertomca treated with phenylhydrazme hydrochloride led 
us to test the efficacy of the drug in a case of Essential Hypertension 
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Case III M S A white American housewife, aged 60, entered the hospital 
December 9, 1924, complaining of weakness in the left leg Her mother and 
maternal grandmother died of apoplexj For fifteen > ears previous to her entry 
she had been troubled with indigestion One \ ear before coming to the hospital 
a cholecvstectomy was done Four years before she had been told that she had 
“high blood pressure ” She never had headaches For a few months before 
entrance she had been troubled with nocturia and frequency On December 4, 
1924, her left leg became weak while walking, and on arising the next morning 
she found it impossible to use that leg At that time she suffered from numbness 
m her left hand and arm This weakness and numbness had practical!} dis- 
appeared before coming to the hospital 

The physical examination showed a well dec eloped and well nourished woman 
Except for the cardio-vascular system no important abnormalities were found m the 
examination The heart was slightly enlarged, but the sounds were regular and 
of good qualitv There were svstohe murmurs at the apex and in the aortic area 
The pulses were regular and equal The radial and brachial arteries were mod- 
erately sclerosed and were easily palpable Blood pressure — 270/160 No 
definite residual signs of the hemiplegia could be detected 

Laboratory data Red blood cells — 5,250,000 Hemoglobm (Sahh) — 92 
per cent White blood cells — 7,600 The smear was normal Blood bfhrubm 
(Van den Bergh) — normal The blood V assermann was negative The unne 
and stool were normal Phenolsulphophthalem — 45 per cent, in two hours 
Diagnoses Arteriosclerosis, hypertension 

As is shown in table 4, there was a marked change in the patient’s 
blood pressure while under phenylhydrazme therapy While there 
was a drop in both the systolic and diastolic pressures, it was believed 
that this might be attributed to the fact that the patient was very 
quiet during the period when the red blood count was low It was 
interesting to note that during the penod of anemia the patient in- 
sisted that she felt better than she had for months 
The unne was a dark amber color and contained urobilin There 
was no albunununa or hematuna at any time Methemoglobm was 
determined in the patient’s blood one week after phenylhy drazme was 
started There were no rmtating symptoms attending the use of 
the drug A normal regeneration of the blood accompanied by the 
pouring out of reticulated cells and normoblasts took place At times, 
mi elocytes were present When discharged the patient’s blood had 
gradually returned to normal 

_Casc 1 1 p M A Russian laborer, aged 36, entered the hospital Febraan 

27, 1925, complaining of shortness of breath, weakness and headaches His past 
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and family h, story were unimportant Three >cars before his entrance he noticed 
that lie tired easily and a short time later nocturnal headaches began to occur 
His friends remarked upon the redness of Ins face and hands He stopped work 
but the weakness and headaches became more pronounced, and he soon developed 
diflicultv in getting Ins breath He entered a hospital and from there was sent 
to a convalescent home for several months His rest benefited him but as soon 
as he started to work, he again became verx weak and short of breath Once 
more he entered a hospital and was discharged in a few wrecks unimproved 
Shortly after this he came under our observation 

The physical examination showed a well developed and well nourished man 
lying in bed without any apparent discomfort The skin of his face and hands 
w r as a dusky blue in color His conjunctivac were injected and the mucous 
membranes of his mouth and lips were very cyanotic There was no atrophy of 
the mucous membranes of the tongue The thorax showed marked enlargement 
in the antcro-postenor diameter and was typically barrel-shaped His thorax 
moved as a whole during respiration and the respirations were slow and regular 
There was no dvspnea The lungs were hyperresonant to percussion Tactile 
and vocal fremitus were normal The breath sounds were emphysematous m 
type The lower border of the lung descended 1 5 cm on full inspiration on the 
right side, and 2 cm on the left The maximum impulse of the heart could be 
neither seen nor felt, and the area of cardiac dulness could not be made out The 
sounds w'ere distant, low' and regular, and there were no murmurs The pulses 
w'ere equal, rhythmical, and of good tension There was no peripheral arterio- 
sclerosis Blood pressure — 122/84 The abdomen was normal There was a 
suggestion of clubbing in the distal phalanges of the lingers Fluoroscopy showed 
that the thorax moved little, if at all, during inspiration Roentgenograms re- 
vealed that the heart was enlarged in the region of the left auricle and that the 
pulmonary artery was enlarged The lungs show'ed emphysema in the lower 
lobes and few bronchial markings in the upper lobes The electrocardiogram 
showed normal rhythm, P R — 0 20 second, P 2 — 0 i millivolt, Q R S — 0 08 
second Axis normal Variation m S 3 and T 3 The vital capacity was, sitting 
3,100 cc , standing — 3,000 cc , lying — 2,550 cc 

Laboratory data Red blood cell count — 6,240,000 Hemoglobin (Newcomer- 
Haldane) — 120 per cent White blood cells — 7,400 The smear was normal 
Reticulated red blood cells — 0 2 per cent Hematocrit 53 per cent Blood bili- 
rubin (Van den Bergh) — 0 4 mgm per 100 cc of blood plasma with a delayed direct 
diazo reaction The Wassermann was negative The sputum showed no turbercle 
bacilli The urine and stool were normal The phenolsulphophtbalein test 
returned 50 per cent of the dye m 2 hours and 10 minutes Basal metabolism 
(Aub-Dubois) — plus 3 per cent Diagnosis Emphysema with compensatory 
polycythemia or Ayerza’s syndrome 

With, this patient, it was a question as to whether the polycythemia 
was the primary condition It was our desire to observe whether 
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anj beneficial effects would be obtained if the patient’s blood picture 
was reduced to normal Acet}l phenylh} drazine (pyrodin) was 
used because Bodansky (9) reported that it seemed to be the least 
toxic member of the phenylhydrazine senes 
Table 5 shows that the hemoglobin and red count gradually de- 
clined under the influence of the drug Daily differential white blood 


TABLE 5 


Date 

Hemo- 

globin 

Red 

blood cells 

White 
blood cells 

Reticulated 
red cells 

Plasma 

bilirubin 

Drugs 

Cpyrodm) 


fer uni 

Trillions 

thousands 

Per cent 

1 rgm 

irans 

April 6 

120 

7 4 

7 S 

02 

' 0 35 

0 1 

April 7 

113 

7 3 

9 3 

0 1 



April S 

116 

6 S 

6 3 


0 33 

0 1 

April 9 

104 

6 2 

6 0 



0 1 

April 10 

102 

6 4 

10 1 



0 1 

April 11 

92 

6 2 

7 1 



0 1 

April 13 

84 

5 2 

7 2 

0 2 

0 5 

0 2 

Apnl 14 

85 

6 2 

9 5 




April IS 

90 

3 9 

5 5 



0 1 

April 16 

93 

5 3 

6 5 



0 1 

April 17 

81 

5 6 

5 2 



Km 

Apnl 18 

84 

5 2 

4 8 



US 

April 19 

94 

5 7 

8 7 



mm 

April 20 

81 

5 2 

6 2 




April 21 


5 1 

8 3 

1 3 


0 2 

Apnl 22 

SO 

4 5 

5 5 




Apnl 23 

69 

4 5 

7 1 


0 9 


April 23 

75 

4 6 

5 7 




April 27 

72 

4 3 

8 5 




April 28 

78 

4 5 

9 5 

6 8 



April 29 

74 

4 2 

7 4 


1 1 


April 30 

78 

4 5 

9 0 




Maj 1 

79 

4 2 

9 1 




Maj 2 

83 

4 5 

9 0 




Maj 4 

89 

4 0 

9 0 




Maj 6 

93 

5 7 

7 S 

4 4 

0 9 


Maj 13 

S3 

4 5 

7 4 

0 8 

0 7 



counts were made using the vital technique as described by Sabm 
(10) It is interesting to note that on three successn e days numerous 
monocytes with ingested red blood cells were obsened On one 
occasion a small clasmatocyte containing hemoglobimferous particles 
was seen in the penpheral circulation 
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The unne partially reduced Benedict’s Solution on the first day of 
the therapy and continued to do so until eleven days after the drug 
had been stopped Urobilin appeared m the patient’s unne upon the 
fourth day and was present in large amounts until the time of patient’s 
discharge from the hospital There was no hematuria or albuminuria 
at any time 

For the first few dajs the patient seemed to be benefited by the 
decrease in the hemoglobin content of the blood He said that he 
felt stronger and that his headaches and shortness of breath were 
markedly reliexed This improvement continued until the hemo- 
globin dropped below 80 per cent, at which point the patient began 
to complain of great weakness, shortness of breath, nausea and vomit- 
ing, and headache The drug had been discontinued two days be- 
fore these distressing symptoms put m their appearance Ten days 
later when the blood count and hemoglobin had increased, the patient 
made some improvement, but not enough to warrant the use of phenyl- 
hydrazme in this type of polycythemia 

One must be guided by the needs of the patient when usmg phenyl- 
hydrazine derivatives m the treatment of polycythemia Experi- 
ence m this hospital indicates the wisdom of using small doses of the 
drug in the beginning of the treatment It seems wise to start with 
0 1 gram per day by mouth and to continue this amount until the 
red blood count begins to fall or until one gram of the drug has been 
given Then it seems well to discon tinue the drug for three days 
and observe whether or not its cumulative action is marked If 
there is no significant change m the blood picture the drug should be 
given again, alternating 0 1 gram and 0 2 gram doses until the desired 
results have been obtained or until another gram of phenylhydrazme 
has been administered A week should pass before starting the 
third course of the drug if two grams do not bnng about the desired 
results The red blood cell count, hemoglobin and white blood cell 
count should be determined daily m order that any sudden change 
in the blood picture may be detected at once By proceeding slowly 
it is possible to obtain the maximum therapeutic effect of phenyl- 
hydrazme with little danger to the patient 

Phenylhydrazme hydrochloride, when taken by mouth m capsules, 
did not cause irritation of the gastro-intestinal tract It was ab- 
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sorbed into Jhe blood and caused metbemoglobin to be formed This 
apparently injured the red blood cells and allowed them to be phago- 
cytized and then destroyed The white blood cells did not seem to 
be affected by the pheny lhydrazine, as no leuhocytosis referable to 
phenylhydrazme was noted Any change m the white blood cells 
fell wi thin the limi ts of the normal rhythm of the leukocytes (11) 
The differential white blood cell count remained normal under this 
treatment The reticulated red blood cell count increased as the 
red blood cell count dropped Occasionally normoblasts and my- 
elocytes were seen if the blood dropped to a low level The platelets 
remained normal Phagocytosis of red blood cells in the peripheral 
blood stream occasionally was seen Coincident with this phago- 
cytosis the patients developed slight jaundice and the blood bflirubm 
was increased in amount and gave the delayed direct diazo reaction 
The bilirubin content of the blood gradually declined after treatment 
was stopped, and after blood destruction ceased 
The color of the urrne changed soon after the drug was adminis- 
tered, and assumed a deep amber color The phenylhydrazmes are 
reducing agents, and mild reducing substances hav e been noticed m 
the urine of the patients under treatment Urobilinogen and uro- 
bflrn appeared in the urrne on the second or third day of treatment 
and continued to be present as long as blood destruction took place 
No evidence of kidney irritation has been observed in any of the 
patients who received phenylhydrazme hydrochloride Apparently 
the drug had a moderate cumulatii e action, being slowly excreted in 
the urine This cumulatn e action upon the blood was shown by the 
fact that the red blood cell count continued to fall for several days 
after the drug had been discontinued 

The best results with pheny lhydrazine were achie\ ed m the treat- 
ment of polycythemia vera In this condition, with no discomfort 
to the patient, the blood can be reduced to normal and held there with 
ease for a considerable period of time ith a normal blood picture 
these patients lose the symptoms of their polycythemia and are 
greatly benefited We have not seen any patient m whom we have 
detected any signs of liver damage arising from phenylhydrazme 
In our experience the drug was of little value in the treatment of 
secondary poly cythemia or hypertension 
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CONCLUSIONS 

Phenylhydrazme hydrochloride and acetyl phenylhydrazme are 
efficient therapeutic agents in the treatment of polycythemia vera 
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EXPERIMENTAL ANEMIA PRODUCED BY PHENYL- 
HYDRAZINE DERIVATIVES 

By PERRIN H. LONG 

( From the Thorndike Memorial Laboratory, Boston City Hospital, Boston, Massachusetts) 
(Receued for publication January 22, 1926) 

Soon after the discovery of acetyl phenylhydrazine (pyrodrn) by 
Liebreich it was observed that this chemical possessed marked anti- 
pyretic effects, and it therefore came into widespread use m diseases 
accompanied by fe\ er Further experience indicated that m addition 
to reducing the temperature, the drug also produced an anemia that 
■varied in degree according to the dosage Experiments performed 
by Dreschfeld (1) on the effects of pyrodrn in rabbits showed that an 
anemia accompanied by hemoglobinuria was produced, and that 
many phagocytic cells containing intact erythrocytes and hemo- 
globimferous particles appeared in the spleen He also noted that 
spectroscopic examination of the blood showed the presence of methe- 
moglobm 

There ha\ e been many observations upon the type of anemia pro- 
duced by phenylhydrazine smce Dreschfeld’s early report. Ziegler 
(2), Lafleur (3), Wertheimer (4), Fraenkel (5), Albertom (6), Gatti 
(7), Balhstini (8), Morawitz and Pratt (9), Gilberts (10) and Foti 
(ll) have carefully described the peripheral blood changes produced 
by phenj lhydrazine Lafleur (3), Albertom (6), Gatti (7), Mora- 
witz and Pratt (9) examined the various organs affected by th is drug 
both macroscopically and by histological methods Suzuki (12) 
and Taschenberg (13) reported increased resistance on the part of 
the red blood cells to solutions of pheny Ihy drazine In 1915 Eppinger 
and Kloss (14) recommended the use of phenylhydrazine hydro- 
chloride in the treatment of polyny themia \ era Tbey T found that 
under its influence they could reduce the number of red blood cells 
and the percentage of hemoglobin to normal, and with this reduction 
m cell count an amelioration of symptoms took place These ob- 
serv ations stimulated interest in the use of phenylhy drazine den\ a- 
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tives, and in view of the fact that no complete morphological and 
physiological study has been made, it seemed that a careful investiga- 
tion of the effect of these substances upon the blood and blood form- 
ing organs in animals might be of value 

METHODS 

Adult rabbits neighing about 2 kg were used, and dailj r studies of 
the blood were made upon each animal These studies consisted of 
total white blood cell counts, total red blood cell counts, hemoglobin 
determinations (New comer) (15), hematocrit determinations, reticu- 
lated red blood cell counts, and differential counts after the vital 
technique of Sabm (16) The fragility of the red blood cells of 
certain animals ivas tested against solutions of sodium chloride 
and phenylhydrazme hydrochloride Rosenthal’s (17) phenol tetra- 
chlorphthalem test ivas used in determining the liver function The 
presence of methemoglobm was determined spectroscopically The 
bile pigments in the blood plasma were studied by Van den Bergh’s 
(18) bilirubin method At death studies of the fresh bone marrow r , 
spleen and lymph nodes -were made with the supravital dyes, neutral 
red and Janus green, according to the technique devised by Doan, 
Cunningham and Sabm (19) Histological studies of sections of the 
bone marrow, spleen, liver, lungs and kidney were made on autopsy 
material from each animal 


EXPERIMENTAL 

In the first senes 9 rabbits were used and after a control penod of 
three days each animal received an injection of 30 mg of phenyl- 
hydrazine hydrochlonde into the pentoneal cavity One rabbit 
was then killed on each successive day 

Within twenty-four hours after the drug had been administered 
an anemia had begun to develop, and this anemia ran essentially the 
same course m all the animals It increased m seventy until the 
fourth day, at which time the destruction of red blood cells was 
balanced by red blood cell production Following this the red blood 
cell production increased over destruction and the red blood cell 
count and hemoglobin returned towards normal The details of the 
penpheral blood studies are shown m figure 1, which illustrates the 
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1 | I I i i i i r 

DAYS. 1 Z 3 4 5 6 T 8 9 


RED BLOOD CELLS.* • 

HEMOGLOBIN. 

RETICULOCYTES. 

Fig 1 


course of the anemia m a representati\ e animal At the penod of 
most sc\ ere anemia the peripheral blood contained large reticulated 
red blood cells which numbered as high as sixtj per cent of the 


the jotmxAE or clcocai. ccrEsnoino’' toe. n "vo 4 
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erythrocytes With the return of the hemoglobin and red cells to 
normal these reticulated cells decreased Very few microcytes or 
poihilocytcs were seen m the peripheral blood and the color index 
remained constantly at about the normal level for rabbits Occa- 
sionally during the anemic stage monocytes containing hemoglo- 
bimferous particles were observed m the peripheral blood 

It has been suggested that the clinical administration of phenyl- 
hydrazme hydrochloride may be controlled by daily white bloodcell 
counts and that when a shght leukocytosis appears the drug should be 
stopped In experimental animals no definite leukocytosis was ob- 
served that could in any way be correlated with the injection of the 
drug 

The resistance of the red blood cells to hypotonic solutions of 
sodium chloride and to phenylhydrazme hydrochloride was deter - 
mined in 6 rabbits on the control days and on the third, sixth and 
ninth days of the anemia The resistance to hypotonic solutions of 
sodium chlonde ivas determined according to standard technique 
In determining the resistance of the red blood cells to phenylhydrazme 
hydrochloride, 20 cu mm of blood taken from the marginal ear vein 
of the rabbit were placed in tubes containing 1 cc of freshly prepared 
phenylhydrazme hydrochloride solutions varying in strength from 
0 20 to 0 68 per cent, and the tubes w ere immediately shaken to make 
a suspension The tubes were then allowed to stand for two hours 
at room temperature At the end of this time the tube showing a 
complete lack of corpuscular residue rvas recorded as the point of 
complete hemolysis It wns found, as is shown in figure 2, that the 
resistance of the red blood cells to sodium chlonde solutions remained 
the same throughout the anemia, but there was a marked decrease 
in the resistance of the red blood cells to phenylhydrazme on the 
third day of the anemia, followed by an increase m resistance on the 
ninth day — a marked increase over that of the control period 

The liver function of each rabbit was determined by the phenol- 
tetrachlorphthalem test of Rosenthal (17) just before the animal was 
killed In all the experiments the retention of the dye was approxi- 
mately the same regardless of whether the animal had been injected 
with the drug one day or rune days before the test At the end of 
fifteen minutes about 3 3 per cent to 4 4 per cent of the dye rema ined 
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m the blood in contrast to 0 5 per cent m normal animals, but at the 
end of fort} -fix e minutes the retention was on!} slight]} abox e normal 
Figure 3 shows cun es of the a\ erage figures for each group of animals 
Methemoglobin was shown to be present in the blood by spectro- 
scopic examination in 5 of the animals — on the third da} ot the 



SODIUM CHLORIDE. • 

PHENYLHYDRAZINE HYDROCHLORIDE. 


Fig 2 

anemia When a solution containing 440 mg of phem Lb} drazine in 
10 cc of Ringer’s solution was injected into the ear xem of a rabbit, 
it was found that the animal died after the first 2 or 3 cc had been 
introduced On examination the blood was found to be chocolate 
brown in color and gax e a strong methemoglobm band in the spectrum 
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Fig 3 
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Blood bilirubin determinations were made on the blood plasma of 
sexeral rabbits during the penod of anemia, but no bihrubm was 
detected in the plasma The experience of others, howexer, has 
shown that it is \ erx difficult to demonstrate the presence of this pig- 
ment in the blood of rabbits It is generally supposed that the 
threshold for bihrubm is low in these animals A short tame after 
the appearance of the anemia it was possible to demonstrate the 
presence of urobilinogen in the unne of the rabbits The amount of 
urobilinogen increased until the eighth or ninth dax of the anemia, 
after which there was a gradual decrease and it was not until three 
weeks after the injection of the phenxlhjdrazine hxdrochlonde that 
the unne was free from urobilinogen 

The animals were placed under ether anesthesia and just before 
death studies after the vital technique of Doan et al (19) were made 
upon fresh tissues from the bone marrow, spleen and mesentenc 
lymph nodes The femoral bone marrow showed a hyperplasia of 
the red cell elements as the anemia progressed There was a definite 
increase in the number of erx throblasts and normoblasts which on 
the sexenth or eighth dax of the anemia numbered as high as 80 
per cent of the total cells With the progression of the anemia the 
number of the earliest form of red blood cells — the megaloblast — 
increased until in the xer> hyperplastic marrows, on the six and 
seventh dax, the megaloblasts formed 3 or 4 per cent of the total 
cells In contrast to these observations, it xvas found in the femoral 
marrows of normal rabbit that no megaloblasts were seen, and that 
only 15 to 30 per cent of the total cells were erx throblasts and normo- 
blasts No hyperplasia of the mjelocytic senes was present in these 
animals The clasmatocvtes of the bone marrow increased in num- 
bers reaching a total of 5 oi 6 per cent, in contrast to 1 per cent in the 
normal controls In the earlx stages of the anemia these cells were 
loaded with phagocx tized red blood cells, but as the anemia progressed 
thex contained mainlx debris The megakarx ocx tes w ere increased 
It xx as interesting to note that the polymorphonuclear cells would 
stream up to the penpherx ot the megakarx ocx tes and slowlx mx ade 
the outer nm of the cx toplasm of the giant cells Once this nm 
xx as passed thex would stream faster oiten going around and around 
the nucleus ot the megakarx oclxe The polxmorphonuclear leuko- 
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Fig 5 Rabbit \ I Loses and Methylene Blue Section of Hypep- 
plastic Femoral Bone Marrow Showing a Large Clasmatocyte Packed 
with Rfd Blood Cells / 2000 
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c} tes, then, either became inactnc in the cytoplasm of the giant 
cells or streamed of) through the cytoplasm and passed out of the 
cell 

The histological sections of the bone marrow also showed an in- 
crease in the er\ throc\ Lie series that became more marked as the 
anemia progressed With the In pcrplasia of the red blood cell 
elements there was a diminution of the fat cells, and on the eighth 
and ninth days of the anemia the marrow' was practically a solid 
erythropoietic tissue 'Vt all times, howc\cr, the blood sinuses of 
the bone marrow' were wide open and packed with red blood cells 
There was a marked increase in the clasmatoc} tes ot the marrow, 
many containing red blood cells, all of the phagocytic cells also 
contained pigment giving an iron reaction with potassium ferrocya- 
mde The megakaryocytes increased in number with the hyper- 
plasia of the erythrocytic tissue and often contained polymorphonu- 
clear leukocytes There w r ere no constant changes in the leukocytic 
senes 

The spleens w r ere slightly enlarged but appeared otherwise normal 
The studies of the living tissue show'ed a marked increase in the num- 
ber of clasmatocytes These increased rapidly as the anemia pro- 
gressed and on the tlnrd or fourth day from 8 to 13 per cent of the 
cells from the spleen w'ere clasmatocytes in contrast to the normal 
splenic count of 3 or 4 per cent These cells w r ere all packed with 
red blood cells, and some of them had as many as ninety red blood 
cells included in their cytoplasm As the anemia progressed the red 
blood cells were broken down and on the eighth or ninth day the 
clasmatocytes contained debris In the histological sections there 
were no constant changes in the lymphoid or fibrous elements of the 
spleen There was, however, a marked increase m the numbei of 
clasmatocytes containing intact red blood cells, and a pigment which 
took the stain for iron 

The mesentenc lymph nodes gradually increased in size during 
the anemia until on the ninth day they reached three or four times 
their normal size Supra-vital studies show'ed an increase in the 
reticular cells and in the lymphoblasts In these nodes were many 
clasmatocytes which contained debns, but occasionally one would 
fin d phagocytic cells packed with erythrocytes In the histological 
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sections there was a marked hyperplasia of the lymphoid tissue with 
numerous phagon lie cells, a feu of which contained red blood cor- 
puscles The majoril) of the phagocytic cells contained a yellow 
pigment which did not gne the iron reaction 

The histological findings in the lners were inconstant, but the 
liver parenchyma was apparenth not damaged in any instance 
There was no evidence of fait) change or necrosis As the anemia 
progressed there was a gradual increase in the Kupfer cells, these 
cells containing particles which gave the iron reaction The glyco- 
gen content of the liver as evidenced by Best’s carmine stain was 
variable There were no changes of any note in the lungs and 
kidneys 

In the second senes of nine rabbits, acct>lphenylhydrazine (pyrodin) 
wms injected and the same technique as in the first senes w r as followed 
The changes in the penpheral blood were identical with those pro- 
duced by phenylhyd razme hydrochloride The liver function w r as 
determined and ga\ e a slight retention of the dye at the end of fifteen 
minutes wdnch fell to normal after forty-five minutes Studies of 
living tissue and histological studies gave the same results as in the 
animals receiving phenylhydrazme hydrochlonde 

The third senes of experiments w r as done on animals after splenec- 
tomy Phenylhydrazme hydrochlonde w r as injected in the same 
manner as in the first senes The anemia produced w r as m no way 
different from that produced in normal rabbits There w r as no 
change in the liver function curve Studies of the living tissue and 
histological studies showed that with the extirpation of the spleen, 
the clasmatocytes of the bone marrow and the Kupfer cells of the 
liver were increased in number and activity, thereby assuming the 
phagocytic function of the spleen 

SUMMARY 

An anemia, pursuing a similar course m all the experiments, was 
produced by the intrapentoneal injection of phenylhydrazme deriva- 
tives m rabbits When the anemia was established it was possible 
to demonstrate the presence of methemoglobm m the blood serum 
There was a marked increase in the percentage and total number of 
reticulated red blood cells m the penpheral blood dunng the penod 
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of the anemia, and the hematopoietic system underwent a marked 
hyperplasia which progressed until red blood cell production over- 
balanced red blood cell destruction A marked increase in the num- 
ber of phagocy tic cells containing intact red blood cells and pigment 
was found in the spleen, bone marrow and lymph nodes during the 
anemia It was not possible to demonstrate the presence of bilirubin 
in the blood plasma of the rabbits during the anemic stage Uro- 
bilinogen appeared m the urine on the first day after the injection of 
pheny lhy drazine and remained in demonstrable amounts for about 
three weeks 

After the administration of phenylhy drazine there was a decreased 
resistance of the red blood cells to solutions of pheny Ihydrazine which 
lasted until there was an outpouring of new' red blood cells from the 
bone marrow These young red blood cells showed an increased 
resistance to phenylhv drazine 

There was a disturbance in In er function as evidenced by the 
early retention of phenoltetrachlorphthalein but it did not seem to 
be marked Iso histological changes denoting In er injury' could be 
found in any of the rabbits 

There was no essential difference between the type of anemia pro- 
duced by phenydhydrazme hydrochloride and acetvlpbeny lhy drazine 
The anemia produced in splenectomized animals did not vary from 
that produced m normal animals except that m animals with the 
spleens removed there was more phagocytosis m the bone marrow 
and liver 


BIBLIOGRAPHY 

1 Dreschfeld, J Brit Med Jour , 1S88 n, 881 Pyrodin a Xew Antipyretic 

2 Ziegler, P Deutsches Arch f Klin Med, 1889, Uv , 363 Pyrodin Oder 

Acethv lphenj lhj dracin 

3 Lafleur, H A Johns Hopkins Hos Rep , 1890, n, 37 On Pyrodin 

4 h ertheimer, E , et Mever, E Arch de Physiol Norm et Path Par, 1890, 

5 S , n, 197 De 1’mfluence de la pvrodme sur le capacite respiratoire du 
sang ct sur la temperature 

5 Fraenhel, A Ztschr f Klin Med , 1890, xvu, Suppl , 239 Ueber das 

\ erhaltcn des Stoffwechsels bei Pvrodin-vergiftiing 

6 Albertoni, P Arch f d ges Ph>sioI , 1891, 1, 587 Ueber Blutbildungs- 

prozcssc untcr dem Einflusse von Pvrodin, nach A ersucben von Dr G 
Mazzoni 



342 


r\PKRIMrNTAr ANEMIAS 


7 Gatti, G Bull cl sc Med rlc Bologna, 1892, in, 581 Riccrchc sullc altera- 
zioni determinate chlla pirodina suH’orgamsmo 
S BalhsLmi, F Gior d r \ccad di Med di founo , 1897, \h , 385 Osscr- 
va/ioni cmalologichc suH’nncmia da pirodina 
9 Morale i(7, P, and Pratt, J Munclicn Med Vchnschr, 1 90S, 1\, 1817 
Eimgc Bcobaclitungcn bci c\pcrimentcllcn \mmien 

10 Gilbcrti, E Ccrclc Ital dt Biol , 1910-11, 56 Sur la regeneration extra- 

mcdullairc du sang dan l'ancmic experimental produite par le phenyl- 
hydrazine 

11 Foti, A Riforma Med, 1911, xxvn, ldOl La piastrmosi spenmentale 

nella cmolisi da pirodina 

12 Suzuki, T Folia Haematol , 1912, \m, I Toil, 235 Wciterc Bcitrage 

zur Kenntnis der Erythrozytcnvcrandcrungcn bei Pyrodinvergiftung 

13 Taschcnbcrg, E V Deutsche Med V chnschr , 1921, xlvn, 774 Ueber 

die Behandlung dcr Polyze thamic nnt Phenvlhydrazin 

14 Eppinger, H , and Kloss, K llicrap Monatscli , 1918, va.ii, 322 Zur 

Ihcrapic der Polj'cj tliamic 

15 Newcomer, H S Jour Biol Chem , 1919, vavn, 465 Absorption of 

Spectra of Acid Hcmatin, Oxyhemoglobin, a new Hcmoglobinometer 

16 Sabin, F R Bull Johns Hopkins Hosp , vxxiv, 1923, 277 Studies of 

Living Human Blood Cells 

17 Rosenthall, S M Jour Pharm and Exper Thcrap , win, 1924, 385 New 

Method of lesting Liver Function with Phenoltetrachlorphthalein, Rela- 
tion of Impaired Function to Amount of Normal Liver Tissue 

18 Van den Bergh, A A H , und Snapper, J Deutsch Arch f Klin Med , 1913, 

c\, 540 Die Farbstoffe des Blutscrums 

19 Doan, C A , Cunningham, R S , and F R Sabin Contn to Embryol , No 

83, Carnegie Inst of Wash , 1925, xvi, 165 Experimental Studies on 
the Origin and Maturation of Avian and Mammalian Red Blood Cells 



STUDIES OX HUMAN CAPILLARIES 
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Lombard (1) in 1911 showed that hy illuminating the skin the capil- 
laries could be seen under the microscope Since then many ob- 
ser\ ations ha\ e been earned out on the changes which take place m 
these \ essels in health and disease The early observations which were 
made recorded the impressiops of the author but had no quantitative 
basis In recent years photographic records ha\ e been made by some 
mi estigators in order to stud}” the changes which take place in human 
capillanes This method is suitable for recording gross changes which 
last for a considerable length of time, such as comparing the form of the 
capillanes in different diseased conditions Many changes which 
take place in the capillar} circulation are how e\ er rapid and so fleeting 
that it seemed desirable, if they were to be placed on a quantitatn e 
basis, to obtain records at a more rapid rate than one could do b} 
ordinal} photography It seemed possible that cinematographic 
records would enable one to follow these changes and subsequently 
analyse them in detail by measurement 

The possibility of studying alterations m the capillanes by means 
of cinematography first suggested itself to Krogh and Rehberg (2) 
They dei eloped a method of taking photographs of the circulation m 
the capillanes in the tissues of Rana (emporana It is naturall} 
simpler to obtain records from the tissues of frogs than from human 
tissues since for this purpose a technique resembling that used in 
histological photomicrograph} suffices In the human case, however, 
transmitted light cannot be used, so Lombard’s method of illumination 
from aboie has been unrversally adopted This method is difficult 
because b} it contrast and intensity of hght are much reduced com- 
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paicd to those qualities obtained bv transmitted light The first 
photographs of human capillaries were taken by Weiss (3) in 1916 
He deMsed an apparatus for accomplishing tins end and published 
photographs obtained b\ his method in \ a nous diseased conditions 
He used oblique 1 illumination and required an exposure of one to 
three quarters of a second to obtain satisfactory pictures Siedentopf 
(Ziess) has doused an apparatus for the instantaneous photography of 
skin capillaries under normal conditions In this apparatus also 
oblique illumination is used More recently Shcard (4) has reported 
that he has been able to make photographs in rapid succession, but 
not cinematographic, of skin capillaries in the human subject Here 
again oblique illumination was used but by momentarily increasing 
the intensity of the light at the time of the exposure, the exposure time 
was reduced to one tenth to one hundredth of a second Callander 
(5) has also described a method which resembles those described above 

In the early stages of our work we also used oblique illumination 
and this was found to be satisfactory for ordinary photography but 
w r as not of sufficient intensity for cinematographic records We there- 
fore introduced a new feature m capillary microscopy, namely, vertical 
illumination Bv this means a great conservation of light is obtained 
so that now r it is possible to obtain satisfactory cinematographic 
pictures These pictures are sharp and readily lend themselves to 
analysis by measurement The purpose for wdiick the apparatus was 
devised is in this manner fulfilled while m addition v r hen the film is 
projected on the screen, the corpuscles can be seen to be m motion 

THE APPARATUS 

The apparatus m its present form consists of five parts (1) a bed 
and support for the arm, (2) a lighting system, (3) a microscope, (4) 
a stand for holding and adjusting the finger, and 15) a camera Figure 
1 shows the arrangement of the apparatus during an observation and 
figure 2 show r s the optical system m more detail 

1 The bed and arm-holder Carner and Rehberg (6) have shown 
that changes take place in capillary pressure when the hand is held 

1 The terms oblique and vertical refer to the incidence of the beam of light to 
the plane of the finger 
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at different le\ els below that of the heart In order to obviate any 
changes due to this factor patients ha\e been examined hang flat in 
bed with the arm extended horizontal!) at heart le\el The arm is 
supported by an adjustable stand and fixed b) sandbags The 
height of the optical bench has been arranged so that the stand for 
holding the finger is on a le\ el with the outstretched arm 
2 The optical system The source of illumination is a 15 ampere 
direct current arc lamp with copper coated carbons (fig 2, A) The 



Fig 1 Photograph of the Apparatus for Cinematographic PHOTOMI- 
CROGRAPH! OF THE CAPILLARIES OF THE XaJL FoLD IN 

Human Subjects 


mtensit) of the hght is regulated b\ an adjustable resistance (fig 1, 
A) The fight from this passes through a powerful condensing s\ stem 
(fig 2, BB) and also through a heat biter (fig 2, C) which is situated 
between the two condensers The hght is thus focussed to a small 
point It enters the system for direct illumination ffig 2 D\ and also 
passes through a polarizer The latter has been introduced to pre\ ent 
the reflection of light from the surface of the oil on the finger, which 
takes place with Aertical illumination and preients the capillaries 
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from being seen '1 he polan/tr (fig 2, /:) is attached to the receiving 
tube of the s\stem for •vertical illumination and the analyzer is sit- 
uated in tlic tube of the microscope With this illumination we have 
been able to obtain detail m our pictures to a degree which w'as im- 
possible with oblique illumination In order to learn whether the heat 
generated b} the lighting system produced an increase in temperature 
at the finger we have made observations by placing a thermometer 



Fig 2 Photograph Showing Details of the Apparatus eor Cinematography 

of the Capillaries 


m its position The technique was the same as that employed during 
the taking of pictures of the capillaries which is described below 
The periods during which half strength and full strength of light w r ere 
used were slightly in excess of those used in our longest observation 
The temperature rose on the average 1 75°C during this period The 
increase w r as practically constant in many observations The greater 
part of the nse in temperature took place almost immediately, before 
the taking of the pictures w r as commenced After the initial nse the 
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increase was verv slight and gradual Methods of eliminating e\en 
this small nse of temperature are under lm estigation 
J The microscope In the microscopic system we use a Leitz 
metallurgic microscope (fig 2, F) with a moveable stage The tube 
of the microscope is kept practical!} fixed and all focussing is managed 
bv moving the stage of the microscope except the finest adjustment 
•which is done by the micrometer screw on the microscope tube A 
16 mm apochromatic objectiv e is used and no ey e-piece The tube 
of the microscope is as close as possible, without touching, to the stand 
•which supports the camera Through an opening in the stand on 
which the camera rests, there is a second short tube, the upper end 
of which fits the opening in the camera while the lower is telescoped 
into the tube of the microscope without touching it This arrange- 
ment prerents the transmission to the microscope of any vibration 
caused bv the mechanism of the camera This sj stem giv es a magni- 

fication on the film of 14 4 times and has so far prov ed the most satis- 
factorv arrangement 

4 The finger holder The stand for the finger (fig 2, 6) has been 
constructed so that it is part of the stage of the microscope The 
patient’s finger is placed in a holder and fixed — without in any way 
interfering with the circulation in the finger — so as to av oid independ- 
ent mov ement Provision is made for adjustment in three directions 
b) means of screws so that the finger can be placed m any desired 
position by the operator without voluntary movement on the part 
of the patient 

5 The camera (fig 2, H) was devised specially for the purpose of 
cinematographic microphotographv The essential difference betw een 
it and the ordinary cinematographic camera is that it works m a 
horizontal plane and not verticalh The camera is situated on a 
special stand immediatelv abov e the microscope On its upper surface 
there is a viewfinder bv means of which the capillaries can be seen 
through the film It is thus possible to control focussing during an 
observation so that the sharpest possible image can be obtained 
Another method of focussing which we have used is the attachment 
of a Zeiss observation side piece (fig 2,1) similar to that used in the 
Siedentopf apparatus, to the top of the tube of the microscope In 
this arrangement it is provided that the distance from the pnsm 
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which reflects the light to the eye is the same as (hat from the prism 
to the film '1'his method was easier than the other but a considerable 
amount of light was lost so that the pictures were not quite so satis- 
factory We ha\ e recently reduced the amount of light passing out 
at the side piece and increased that to the film thereby obtaining 
equally satisfactory pictures With cvpcricnce however one can see 
the capillaries distinctly by the former method so that it has been 
used in most of our observations The film is driven by a motor 
(fig 1, B) which like the camera is on a separate stand and is operated 
by a foot switch The speed of the motor is governed by a speedom- 
eter so that the number of exposures per second can be varied The 
motor driv es a shaft (fig 2, /) which can be connected or disconnected 
with the camera by r means of a clutch (fig 2, A) 

The stands which support the motor, the camera, and the optical 


1 1 1 i i 

Fig 3 Print of Part of a Cinejlatograhiic Film Taken b\ the Method 

Described X 14 

and lighting systems are in this arrangement all separate and in no way 
come m contact with one another The transmission of vibrations 
from one to the other is consequently avoided 

TECHNIQUE DURING AN OBSERVATION 

The patient lies flat m bed with the arm outstretched and the finger 
adjusted m the finger holder The patient remams at rest in this 
position until the radial pulse has remained at a constant level for 
about five minutes In cases where the pulse is irregular the observa- 
tion does not begin until the variations are reduced to a minimum 
Cedar wood oil is applied to the region to be examined The light is 
now turned on half strength and the capillaries are brought into focus 
sharply on the film The light is then turned on to the full capacity 
used and the motor which drives the film is started by pressing the foot 
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switch While the film is running the capillaries are kept under 
obser\ ation on the. film and maintained sharply m focus by means of 
the fine adjustment on the microscope The radial pulse is counted 
throughout the entire period The temperature of the room is also 
noted No estimations have been made of the capillary pressure as 
it did not appear that these observations would be of -value m the 
problems mv olved in the present series of observ ations 

Satisfactory photographs can in this fashion be obtained (figure 3) 
The magnification on the film is only about 14 times but this image can 
be enlarged by means of a projectoscope to any desired magnification 

CONCLUSION 

An apparatus is described by means of which it has been possible 
to take cinematographic records of the capillaries at the nail fold in 
the human subject 
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Until the later years of the nineteenth century the current view of 
the capillary circulation was that the capillaries were passive and 
that the rate of blood flow through them was determined by the state 
of the arteriole supplying them Smce then many researches have 
been earned out which show changes in the capillanes which the ob- 
servers were unable to explain on the basis of arteriolar changes The 
discovery by Rouget (1) of cells on the walls of the capillanes which 
he beheved to be of a contractile nature lent strong support to the 
view that there is independent contractility of the capillanes Of late 
years most observers agree that the capillanes both in man and in 
animals have the power of independent contractility Whether they 
can do this normally without the application of a stimulus to them is 
disputed and there is also considerable doubt as to the mechanism 
which is involved m this action 

The literature on the subject of capillary' physiology has been so 
admirably' reviewed by' Erogh (2) that only' some important points 
m the literature of more recent date will be referred to There seems 
to be no doubt that the capillanes m both man and m animals can be 
made to contract by the application of suitable mechanical or chemical 
stimuli It has also been definitely shown in animals that electncal 
stimulation of nen es can cause changes in the caliber of the capillary' 
loops independent of the changes which take place in the arlenoles 
The work of Krogh (2) on the muscle capillanes has demonstrated 
that the number of capillanes in which blood is flowing is constantly' 
changing and that the vascular supply is adjusted to the needs of the 
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muscle by continuous alterations m the capillary flow Carner (3) 
made obsen alions of the shin of the forearm under the microscope and 
found m this situation that the capillaries were constantly changing — 
individual capillaries could be seen to disappear and to reappear while 
others appeared in new situations In their studies of the glomeruli 
of the frog’s kidney Richards and Schmidt (4) observed that in only 
part of the glomeruli was blood flowing at any one time and that the 
capillary pathways in a single glomerulus varied No observations 
have been recorded in winch the capillaries at the nail fold m man have 
been seen to appear and disappear as described by Carner in the 
corresponding vessels of the forearm but changes in the flow m these 
vessels have been frequently desenbed 

A question wluch has interested many observers is whether under 
normal conditions independent contractility is displayed by the capil- 
lanes and whether the nature of this contraction is a penstaltic wave 
which would tend to propel the blood forward Vanations in the 
flow undoubtedly take place but whether these are due to contraction 
m the capillaries themselves is uncertain Krogh (2) bnngs fonvard 
evidence m favor of the view that the changes wduch take place in 
muscle are of this nature But Richards (4) m his w r ork on the frog’s 
kidney has been unable to find any evidence m support of the idea that 
independent contractility takes place undernormal conditions Many 
observers have stated that they have seen changes in the capillaries of 
the nail fold in man under the microscope which they interpret as 
showing evidence of capillary contractility Thaller and Draga (5) 
desenbed alterations wduch they think to be of the nature of penstaltic 
contractions of the capillanes This view has been strongly upheld 
by Kylin (6) Krogh (2) on the other hand has seen no evidence in 
favor of the occurrence of this mechanism m his observations in human 
subjects and thinks the conception is probably incorrect Muller (7) 
as the result of extensive studies m the Tubigen school agrees with 
Krogh and does not think that the changes can be due to penstalsis 
Many observers have brought fonvard evidence both for and against 
this view 

Although the conclusion that capillanes can contract independently 
has been generally accepted, two views are held as to the cells which 
are responsible for this behavior Some believe that it is caused by 
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changes in the endothelial cells as first suggested by Stacker (8) and 
others that it is due to cells outside the endothelium of the capillary 
wall In 1873 Rouget (1) described cells in this position which he 
thought to be of the nature of smooth muscle and to possess a con- 
tractile function The existence of these cells has been amply con- 
firmed Under Krogh’s direction Vimtrup (9) has earned out an 
extensive stud}' of their nature chiefly by histological means I n h is 
report of these studies Vimtrup gn es a full renew of the literature of 
this phase of the subject He confirms Rouget’s results and says 
that he has been able to trace the transition from the smooth muscle 
of the smallest artenes to the Rouget cells He also studied the 
changes which take place in the capillar}' wall in the Irving animal 
and states that the contraction which follows nen e stimulation always 
starts at one of these cells Clark and Clark (10) have studied the 
problem from a different angle They found it possible to obsen e the 
development of the capillanes in the tail of living amphibian larvae 
and to make camera luada drawings of the selected area under ob- 
servation at frequent intervals for eight days The} found that the 
Rouget cells were not contractile elements but dei eloped from stellate 
connective tissue cells In their opinion two types of contraction 
occur m the capillanes, an acta e one which maj occur spontaneously, 
and a passive one which is caused by temporary disturbance of the 
circulation Both types of contraction were mdependent of the pres- 
sence of ad\ entitial cells Contraction was mdeed often to be seen 
before the de\ elopment of these cells After they were de\ eloped 
contraction began frequently at places at a distance from them Dur- 
ing active contraction or passive narrowing of the vessel, the capillary 
might be seen to draw away from the Rouget cells and to leave a space 
between cell and wall when Mewed from a suitable angle They came 
to the conclusion that both the power of contractility and tonicity 
are mdependent of any form of adventitial cell 
The present obsen abons were undertaken m order to study the 
nature of the changes which take place m the capillaries by me ans of 
cinematographic records Exposures were taken at mten*als of tV 
second It was possible therefore to measure the diameter of the 
capillar}' walls throughout a long senes of consecutive photographs 
with the hope of throwing light on certain of the problems which ha\ e 
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been discussed above The technique of making the photographs 
has been described m another paper (11) The results reported are 
based on a study of the capillaries at the nail fold in 8 normal individ- 
uals (4 men and 4 women) between the ages of 25 and 35 Observa- 
tions on all cases were made on 4 consecutive days at the same hour 
In every instance the temperature of the room showed practically no 
change from day to day 

METHOD OF STUDYING THE FILMS 

Projection In the film the individual capillaries were magnified 
14 4 times With this magnification it would be impossible to estimate 
any but gross changes with any degree of certainty as the error m 
measurement would be so great The greater the magnification at 
which the contour of the capillar}' - was sharp the less the error m 
measurement A special projectoscope which enlarged the capillary 
350 times was constructed thus considerably reducing the possibility 
of error At this magnification a sharp picture of the capillaiy was 
obtained The contour of the individual capillaries m a large senes 
of consecutive pictures was traced on paper and these tracings were 
used for measurement 

Measurement The point at which measurement is made is of 
paramount importance The most satisfactory arrangement would 
be to provide a base fine m the tissues and to measure the diameters 
of the artenal and venous limbs at a constant distance from this fine 
It was not however practicable to do this A marker placed on the 
finger might also have been tned but its position was hable to be fal- 
lacious as it might not follow accurately any movement of the finger 
itself which took place An indicator close to the film might lead to 
inferences even more fallacious In place of methods of this sort we 
have selected a pomt on the magnified image 2 cm from the tip of the 
capillary loop (0 06 mm from the tip of the actual capillary) as the 
point at which to measure the diameters of the artenal and venous 
limbs The tip of the loop is taken as the pomt of reference, for, 
barnng one reservation, movement here is accompanied by movement 
of other points in the loop Between the tip and any other nearby 
point on the loop, the distance may be regarded as remaining constant 
The reservation which was mentioned concerns the possibility of 
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lengthening of the loop for any reason, notably that which may occur 
at the tim e of cardiac systole The method of measuring was as 
follows A line was drawn through the center of the long axis of the 
capillary loop roughly parallel with the two limbs and at right angles 
to this a second hne w hich touched the tip of the loop A third line 
was drawn parallel to the second at a distance of 2 cm which cut the 
arterial and venous limbs (fig 1) Changes in the diameters of these 
limbs at this lei el have been taken to indicate changes m behavior of 
the capillaries Curves were prepared m which the values so obtained 
were charted, the abscissa representing the time and the ordinate the 
diameter of the hmb These have been used for comparison of the 
changes in the various observations In other observations of the 
same subject other methods of measurement were used and the several 
curves compared to those obtained by the method just described 
The opportunity for comparison occurred in certain capillaries in 
which owing to their peculiar shape two or more characteristic points 
could be selected as reference points (fig 1) In such cases parallel 
lrnes were drawn through the points selected and at nght angles to the 
long axis of the loop The distance between these was measured 
Obviously several interpretations may be drawn of the behavior 
of the capillaries, depending on changes which are disclosed when the 
measurements are taken 1 If the distance ( a-b ) remains uniform 
and the measurements of the diameter (c) at a pomt 2 0 cm from the 
tip of the loop show no significant variations, it is unlikely that an 
important change in the state of the capillary has taken place 2 If 
the distance ( a-b ) increases, and the measurements of the diameter 
(c) decrease, the inference may be drawn that stretching of the capil- 
laries has taken place If on the other hand the measurements of the 
diameter (c) increase or remain unchanged, an effect on the vessels by 
stretching may be excluded The change m measurement is then the 
result of another function 3 If the distance (a-b) decreases, and 
the measurements of the diameter (c) increase, the inference may be 
drawn that t h is result depends on the decreased length of the tube 
But if the diameters (c) decrease or remain unchanged an effect on 
the vessels as a result of this action may be excluded and must depend 
then on another function In pomt of fact, behavior of all these 
types was observed It was impossible to infer that unif orm changes 
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in the diameters took place From these observations one cannot 
draw a conclusion on the events which take place m the capillaries 
during the heart beat They permit the statement to be made how- 



Fig 1 S chema tic Drawing of a Capillary to Illustrate the Method-, 
Which Were Employed in the Measurement of the Diameters of the 
Limbs of the Capillary Loops 

(For description, see text) 

ever that changes m the diameter, should they be found to occur, do 
not depend on this factor They do moreover show that to measure 
the diameters 2 0 cm from the tip exposes the measurements to no 
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S} stematic distortion To obtain this measurement was our purpose 
Cunes drawn from observations of capdlanes which afforded this 
opportunity did not differ in form from those obtained when it was 
impossible to utilize this check 

In man} of the films photographs hav e been obtained of 4 or more 
capillaries all of which were in sufficient!} sharp focus to allow ac- 
curate measurements The positions of the tips of all these loops hav e 
been compared with respect to one another in a large senes of expo- 
sures o\ er a long penod of time It was found that these remained 
constant But the objection maj be made that the tips of all these 
changed at an equal rate, and that therefore no relativ e changes could 
be observed When adjacent loops were compared b} measurement 
of the diameter it was found that the v anous loops showed changes 
which were quite dissimilar In other words, no relatn e movement 
of the tips takes place or should there be movement, this is congruous 
whereas the measurements ot the diameters are incongruous The 
total area of the loop distal to the line drawn 2 cm from the tip through 
the arterial and v enous limbs has also been measured b} means of the 
plammeter and it was found that this area remained practicall} con- 
stant As a result of a comparison of these measurements the method 
first described appears to be subject to slight error only and provides 
a useful way of estimating the changes which take place m the loops 

OBSERVATIONS 

The size of the loops \s is well known there is great variation m 
the size of the capillar}' loops at the nail fold both m the same subject 
and in different subjects It seems almost useless to state the size of 
the normal capillar} as the variations between capillanes m the same 
subject and in different subjects is so great A review of the literature 
shows that it is not possible to compare the values given b} different 
authors unless these are measured at the same point on the loop 
The measurement of the artenal lim b in most of the present observ a- 
tions at the selected point has vaned from 0 014 to 0 016 mm whde 
that of the venous has usual!} been slighth larger, 0 015 to 0 017 mm 
In man} instances, howev er, smaller and larger capillanes hav e been 
measured but simdar v anations hav e taken place in all 
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Variations in diameter Both the arterial and venous limbs of the 
same capillar}' varied in diameter from moment to moment and from 
day to day in the same subject (fig 2) Although these changes take 
place they are relatively small compared to the breadth of the limbs 


mm T 
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4 

3 

2 


1 

1 10 20 30 

number 1 of picture 

Fig 2 Changes in Consecutive Pictures in the Diameters oe the Arterial 
and Venous Limbs oe a Capillary in a Normal Subject 

Abscissa = number of the picture There were 10 exposures per second 
t Ordinate = diameter in millimeters at a point 2 cm from the tip after magnifica- 
t^tion of the capillary 350 times • • arterial • • venous 

normaX 



Fig 3 Tracings of Five Consecutive Pictures of a Capillary Loop in a 

Normal Subject X 350 


which remains approximately the same from day to day These 
changes are very noticeable on observation of successive magnified 
pictures (fig 3) The daily changes were of a similar nature to those 
t akin g place from moment to moment while the extent of the varia- 
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tions was usually about the same m the two limbs The magnitude 
of the changes also varied from capillary to capillary and from subject 
to subject In some it was small while in others it was much more 
marked 

^Evidence of a peristaltic wave of contraction If the mechanism which 
is responsible for the changes which take place were peristaltic in 
nature recurrent alterations m form ought to occur with approximate 
regularity as regards both time and magnitude We ha\e studied all 
our curves from this pomt of new but ha\ e been unable to find any 
evidence for the presence of this mechanism (fig 4) In a few m- 



Fig 4 Changes in the Diameter of the Arterial Limb of a Capillary in 
a Normal Subject X 350 

T T = one complete cardiac cycle 


stances a small part of the tracing suggested this possibility but the 
subsequent changes through a long period of observation show that 
this occurrence was merely accidental One of these rare instances is 
illustrated (fig 3) A hump (a) can be seen on the loop and this can 
be followed throughout the senes of pictures If this hump were due 
to a peristaltic wave it might be expected to proceed in the same di- 
rection at a constant speed The most pro min ent pomt on the hump 
has been measured with reference to a line drawn through the tip of 
the capillary and it was found that both the direction and speed \ aned 
In the second picture it was slightly lower, m the third it had returned 
to practically its ongmal level while m the fourth and fifth it became 
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progressively lower A large number of consecutive pictures studied 
later m the senes showed no evidence of a hump m this situation 

Evidence of rhythmical contraction of the capillaries A second type 
of motion of the capillanes is possible, namely, rhythmical contrac- 
tion Observations on tlus question have been made by extended 
inspection of the capillanes themselves and the curves of the measure- 
ments have also been studied In neither method has any evidence 
in favor of this mechanism been seen 

Evidence of changes of a pulsatory nature In the examination which 
was next undertaken it was the object to discover whether the changes 
that have been desenbed depend on the cardiac pulse In this case 
again, the phenomenon should be recurrent Knowing the heart 
rate and the number of exposures per second, photographs correspond- 
ing to the same phase of the cardiac cycle can be measured and com- 
pared If the behavior of the capillary were congruent with the pulse, 
the measurements of corresponding photographs should be similar and 
should form a characteristic cum It has been impossible in any of 
our tracings to relate the changes to a mechanism of this nature 
(fig 4) In some cases the diameter of the capillary remained approx- 
imately the same for the duration of a heart beat while m the follow- 
ing heart beat for the same period it was either considerably larger 
or smaller In most cases however the changes were totally irregular 

Blood flow The blood flow was observed by simple inspection of 
the capillanes with the microscope but no measurements of this 
phenomenon were made The blood flow vaned in the different 
capillanes in the same subject and also in the same capillary from 
moment to moment At one time the flow might be very rapid while 
a little later the stream might become very sluggish and indeed might 
stop momentarily All gradations between these two extremes were 
to be observed but in this situation capillanes have not been seen to 
disappear and others appear, as has been described in other situations 
A considerable difference could also be observed in the capillary cir- 
culation of the different subjects studied 

DISCUSSION 

The observations which have been made show that the diameter of 
the capillanes at the nail fold in man is constantly changing Al- 
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though individual capillaries do not appear and disappear as they do in 
certain other tissues ne\ ertheless definite \ anations occur m this situa- 
tion They also show that the reactions which tale place are of a sim- 
ilar nature o\ er a period of se\ eral days and that different subjects 
exhibit individual peculiarities in the changes seen These hav e been 
described by other obser\ ers but we have now been able to measure 
them and to record the rapidity with which they can take place 
These are discussed later m detail 

In these observations as in all similar studies in man the diameter of 
a capillar) limb has been inferred from the breadth of the stream of 
blood flowing m it as the wall of the v essel cannot be identified In 
order to make accurate statements one ought to be able to photograph 
the actual wall of the capillary which is impossible The width of 
the blood stream has been used as a criterion because the capillaries 
remain continuously full of blood except for the occurrence occasion- 
ally of small gaps in the stream whose significance is discussed below 
A diligent search has been made by inspection to discover whether 
there is evidence of an axial stream of corpuscles and a peripheral 
zone of pure plasma in the capillaries If this arrangement were found 
the corpuscular stream would not be an accurate representation of 
the changes in the capillary wall Observations made on this point 
hav e confirmed those of Krogh (2) that this zone of pure plasma is 
practically non-existent We have concluded therefore that the 
breadth of the corpuscular stream offers a basis for measuring the 
diameter of the capillary loop in this situation and can be used as 
such 

It is particularly important in a study of the circulation to knov\ 
whether under normal circ ums tances the capillaries play an active 
part in the forward propulsion of the blood Changes have been seen 
which have been taken to be movements in the walls of the capillaries 
and an endeavor has been made to relate this to the occurrence of 
certain possible rhyt hmi cal mechanisms There are two types of 
motion of which the capillaries might, as has been said, be capable 
The first is peristaltic contraction and the second local rhythmical 
contraction It has been impossible to correlate either of these mech- 
anisms with the changes observed The former has received con- 
siderable support based principally on the fact that gaps in the stream 
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of corpuscles have been observed These gaps are not often seen in 
normal subjects and usually take place when the stream is slow 
Krogh (2) discussed the significance of these gaps and did not consider 
that they were due to peristaltic contraction of the capillary wall 
One can watch many capillaries for a long tune without these gaps 
appearing and in those in which they are seen they appear so irre- 
gularly and unless the stream is very slow so infrequently that they 
do not appear to be due to a peristaltic wave The rate of progress 
of the gaps is very variable and often very rapid and the whole appear- 
ance suggests a gap m the corpuscular stream rather than a contrac- 
tion of the wall The mechanism involved is probably an agglutina- 
tion of corpuscles which causes a momentary stoppage of blood flow 
and thus allows a gap to be formed 
The cause of the variations which were found is in doubt They 
may be due to local contraction of the capillary wall occurring in an 
irregular manner Or they may be due to alterations in the tonicity 
of the arterioles It has been definitely estabhshed that the latter 
possess tone (12) and frequent spontaneous changes in their tonicity, 
controlled in great part by the central nervous system, have been 
shown to take place by Langley (13) There is however an objection 
m relating what has been seen m the capillaries to the contraction 
of the artenole as a whole, for if this were the responsible agent all the 
capillaries supphed by an artenole should be similarly affected But 
as has been shown, sumlanty of action on the part of the capillanes 
m the same field is not the case Tarchanoff (14) has found however 
that on applying an electrical stimulus to the capillanes of a frog s 
nictating membrane contraction appeared much sooner at the junction 
of the artenole and capillary than m the rest of the capillary Rich- 
ards (4) states that experiments m his laboratory on artenoles and 
capillanes m the muscle of the frog showed that the action of adrenalin 
is more marked at the branching of the vessels than along them course 
He thinks that this may be the explanation of the vanations m flow 
which are observed in the frog's kidney The changes seen in the 
present studies might thus be related to vanations m the tonicity of 
the artenole at its junction with the capillary Which of the possible 
explanations, capillary contraction or changes m arteriolar tone, is 
correct, remains unsolved by these investigations 
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It appears then that the capillanes in the nail fold behave differently 
from those located in other tissues of the body, at least in other species 
than man For in man the capillanes of the shin and visible mucous 
membranes only seem to have been examined, in animals there is, of 
course, information of their motions also in certain viscera It is of 
some importance to keep in mind this phase of the state of knowledge 
of this subject. In this study there has been added a precise descrip- 
tion of what was observed m a smgle portion of the skin To remem- 
ber this has its importance m view of the difference in action which 
Camer has seen in the capillaries of the skin of the forearm It 
may be said m a general way then that a smgle capillary area does not 
supply the criteria which may serve as a basis for making statements 
of the mechanism of the capillanes m the whole body It is necessary 
apparently m making calculations of the circulation and m dealing 
with other physiological processes such as respiration and edema to 
allow for this matter of diversity of function 

CONCLUSIONS 

1 The caliber of the artenal and venous limbs of the capillanes 
at the nail fold has been studied by means of cinematography over a 
penod of days in 8 normal individuals 

2 Changes took place from moment to moment and from day to 
day These changes were relatively small compared to the total 
breadth of the limbs which remained approximately the same from 
day to day 

3 The extent of the changes in the artenal and venous limbs of the 
same capillary was about the same, but the \ anous capillanes m the 
same subject different from one another Marked vanations were 
also seen between the different subjects There was no evidence that 
these changes were due to a peristaltic wave of contraction, a contrac- 
tile motion of the capillary like that of the heart, or a pulsatile motion 
conveyed to the blood stream by the heart beat. The me chanis m 
of their production is uncertain 

4 The blood flow in these capillanes has been studied by inspection 
and was seen to vary continuously 
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TTT Observations in Cases of Auricular Fibrillation 

By J HAMILTON CRAWFORD 
W rra the Assistance or HEINZ ROSENBERGER 
(From the Hospital of the Rockefeller Institute for Medical Research, Xro York) 

(Recen ed for publication February 19, 1926) 

In a study of the adjustment of the circulatory mechanism to differ- 
ent abnormal conditions m the heart the changes mduced by circula- 
tory failure are of special interest As auricular fibrillation is an 
important cause of heart failure the study of cases of this nature is 
particularly important 

The first microscopic studies of the capillaries in living subjects m 
heart disease were made by Weiss (1) who found that in cases with good 
compensation the capillaries resembled those of normal individuals 
In the early stages of mitral stenosis howei er a distinct slowing of the 
stream was often obsen ed while m some cases of pulmonary stenosis 
there was -very marked stasis Adi anced cases of cardiac decompen- 
sation showed marked dilatation of the venous limb, a tendency to 
tortuosity of the capillaries and a dark red color of the tissues in which 
the capillary loops were situated The color of the latter vanes with 
the intensity of color of the blood flowing m the deeper lying vessels 
The blood stream was slow and discontinuous and the flow had a 
granular appearance The subpapillary plexus was more distinct than 
m normal subjects These findings were confirmed by Schur (2), 
Jurgensen (3), Neumann (4), Secher (5), Fnedlander and Lenhart (6) 
Secher (5) stated that early cases of mitral stenosis showed a normal 
picture Marked stasis was descnbed by Rominger (7) in a case of 
pulmonary stenosis Hismger-Jagerskiold (8) earned out an extensn e 
study m cases of heart disease of valvular and myocardial ongm m 
some of which the pulse was regular and m others irregular He stated 
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that cases with full compensation or with only slight decompensation 
presented a normal picture whereas m decompensated cases changes 
took place Those cases -which exhibited edema or cyanosis of the 
periphery showed changes of the sort associated by Weiss with marked 
circulatory failure He differentiated a group of cases in which these 
phenomena were absent although there was marked congestion of the 
mtemal organs In such cases the color of the loops was normal and 
the background hght red Some of the loops were smaller than normal 
and all the loops were well filled The stream was sometimes rapid 
and sometimes slow This picture resembled that which the author 
had observed in cases of anemia The vanous changes seen were 
mdependent of the character of the pulse and altered with the state 
of compensation In his opinion the different pictures were dependent 
on changes of blood volume 

The results to be reported are based on the study of seven cases of 
auricular fibrillation of rheumatic origin except one which was asso- 
ciated with hyperthyroidism Cinematographic observations of the 
capillaries at the nail fold were made in these cases at frequent intervals 
over a prolonged penod Cardiac decompensation was well marked 
in all but its seventy vaned Observations were made during the 
period when patients were not under the influence of digitalis and also 
during the course of digitalis administration until full digitalization 
was established Details of the technique of taking the photographs 
and the methods employed m their study have been reported in pre- 
vious papers of this senes (9, 10) As the rate of the pulse m auricular 
fibrillation is very unstable patients remained at rest in qmet surround- 
ings until vanations m the pulse rate were reduced to a minimum and 
remamed practically constant for a considerable penod 

The mam mterests m the present investigation were to study 
whether the size of the loops and the vanations m their caliber vaned 
from those which had been observed m the normal individuals which 
had been investigated, whether there was any evidence of contractility 
of the capillanes themselves or whether changes of a pulsatory nature 
due to the heart beat were present , whether the blood flow vaned from 
that seen m normal individuals, and finally whether any changes 
observed were altered by digitalization 
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OBSERVATIONS 

The size of the loops A marked \anation in the size of the loops 
was present in all cases It differed in the different subjects and was 
also markedly altered b\ the state of decompensation The milder 
degrees of decompensation showed a picture closely resembling normal 
but the loops were usually definitely enlarged m those cases which 
showed se\ ere circulatory failure The \ enous limb of the loop was 
more affected than the arterial although in the more severe grades 
this was also involved The size of the loops was so variable that one 
is unable to gn e figures of any \ alue of then size The caliber of the 
arterial lim b at the point selected for measurement a\ eraged 0 016 mm 
in most of the loops measured while that of the venous was 0 018 mm 
In many instances larger and smaller capillaries were measured but 
the variations which are described below were of the same nature m all 

Variations in caliber Changes in caliber took place in the same 
subject from moment to moment in both the arterial and \ enous limbs 
to about an equal degree (figs 1 and 2) No two capillaries were 
alike in the time and extent of these changes and individual differ- 
ences were evident between the \ anous subjects studied Although 
these changes were present the total breadth of the limbs remained 
practically the same from daj to day Si mil ar changes of caliber had 
been obser\ ed in the capillaries of normal subjects but those seen in 
auricular fihnllation were more extensive The degree of decompensa- 
tion also had a pronounced influence, the more marked the decompen- 
sation the more marked the variations m caliber 

Evidence of independent contractility of the capillaries The curves 
which were prepared m the manner previously described ha\ e been 
carefully studied to see whether (1) a peristaltic wa\ e of the capillaries 
or (2) local rhythmical contractions similar to those of the heart itself 
were present It seemed that if the “peripheral heart” really existed 
its action might play an important partin the circulatory mechanism in 
heart failure No evidence has been found m fa\ or of these hypoth- 
eses as the changes took place irregularlv and shov. ed no tendency to 
rhythmicity such as ought to be present if these factors were operatrv e 

(fig 3) 

Evidences of pulsation due to the heart beat In auricular fibrillation 
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Fig 1 Changes in Consecutive Pictures m the Diameter oi -nm Arterial 
and Venous Limbs of a Capillary in a Case of AurL ular 
Fibrillation x 350 \ 

• • arterial • venous \ 


Auricular fibrillation 



Fig 2 Tracings of Five Consecutive Pictures of a Capillary Loop in a 
Case of Auricular Fibrillation X 350 
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it is much more difficult than m cases with normal rhythm to be certain 
that changes which take place irregularly are not induced by cardiac 
contraction which forces blood into the small \ essels as m the former 
condition the cardiac contractions themseh es \ ary m time and force 
This a ould apply particularly m those cases m which the heart was 
very irregular both m time and force In a few cases marked decom- 
pensation was present but the t entncular rate was slow and the ir- 
regularity m the time and force of the heart beats was shght One 
would expect that if pulsation m the capillaries due to the irregular 
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Fig 3 Changes ex the Diameter of the Arterial Ldeb of a Gapillara ex a 
Case of Auricular Febrellaho'X with a Seow Ventricular 
Rate X 350 

t t the approximate duration of each cardiac c> cle 

heart beat obsen ed m auricular fibrillation were the mechanism in- 
volved the cases which showed the least irregularity of the cardiac 
contraction would show less violent fluctuation in the capillary 
changes No difference could be detected as whate\ er changes took 
place were indeed equally irregular m both As further evidence 
against this bemg the mechanism present two cases of marked cardiac 
decompensation with regular, rather than irregular, rhy thm might be 
cited m which like changes were seen to those in cases of auricular 
fibrillation with a comparable degree of decompensation (fig 4) 
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Blood flow The blood flow was studied by inspection over pro- 
longed periods The rate of flow was continuously changing m the 
same capillar)'- from moment to moment All the capillaries m the 
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nuiriDep of -picture 

Fig 4 Changes in the Diameter of the Arterial Limb of a Capillary in a 
case of Auricular Fibrillation and Similar Changes in a Case of 
Chronic Myocarditis with Regular Rhythm Which Showed a Comparable 
Degree of Cardiac Decompensation x 350 

same field differed from one another In most capillaries the stream 
was much slower than had been observed m normal individuals The 
slowing of the stream varied with the degree of decompensation In 
the most marked cases the stream m almost all the capillaries was very 
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slow and in many stasis was present which often lasted for a consider- 
able time The flow was very irregular, a capillary might show at one 
moment stasis and the next moment the stream in it might be very 
rapid Gaps m the corpuscular stream were often seen giving the 
granular appearance of the stream which has been described by pre- 



Fig 5 Changes in the Diameter of the Arterial Limb of a Capillara in a 
Case of Auricular Fibrillation- Before and After 
Digitalization X 350 


nous authors In some cases a backward flow from the \ enous to the 
arterial limb was momentarily present 

Digitalis All cases ha\e been studied daily during the period at 
which they were coming under the influence of digitalis Most of the 
cases as the result of digitalization showed definite changes in the 
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capillary circulation which varied with the extent to which the effi- 
ciency of the circulation was improved Very little difference was seen 
in the average breadth of the arterial and venous limbs When the 
venous limb was very large, however, before digitalization it was 
sometimes reduced m size to a slight extent The extent of the varia- 
tions in cahber which have been described ivas reduced m all those 
cases which were improved by digitalis (fig 5) In a subject in whom 
full compensation was established the changes approximated closely 
to those observed in normal individuals The blood flow improved in a 
corresponding manner The rate of flow in the individual capillaries 
became more nearly similar, the frequency and duration of stasis were 
reduced and a granular appearance of the stream was less frequently 
present 

DISCUSSION 

The variations which took place m the caliber of the capillaries in 
auricular fibrillation were of the same nature as those which took place 
in normal subjects except that the magnitude of these changes was 
increased The degree to which this was so did not depend on the 
heart rate or on the irregularity of the pulse It appeared to be de- 
pendent solely on the extent to which the circulation was inefficient 
as judged by other, more general, criteria This was shown clearly by 
the correspondence between the extent of the changes and the clinical 
condition of the patient in cases in which the rate and rhythm of the 
pulse remained practically unaltered When the state of decompensa- 
tion was relieved by digitalis a lessening of the variations in cahber 
took place The type of change m the subjects in which compensa- 
tion was fully established approximated closely to normal 

The blood flow in the capillaries m cases of cardiac decompensation 
presents a striking picture The circulation is known to be inefficient 
but a beautiful demonstration of the extent to which this is so is given 
by the observation of the flow m these small vessels In a marked 
case stasis may be present m a majority of the capillaries all the time 
although not permanently in the same capillary The correspondence 
between the improvement of the blood flow and the subjective symp- 
toms of the patient is striking 

As is well known capillaries can contract under suitable stimuli 
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It was thought possible that the existence of the state of heart failure 
might provide such a stimulus Previous observ ations in the present 
series had given no evidence of mdependent contractility of the capil- 
laries in normal subjects (10) Nor has any evidence been obtained 
of such a mechanism m cases of heart failure 

The explanation of the changes is m doubt If they are due to 
acti\ c contraction of the capillaries which seems to us most improb- 
able, these contractions must take place m a very irregular manner 
The probability is that the mechanism 1 m olved m their production 
is the same m both normal individuals and m patients with cardiac 
decompensation The possible factors invoked m normal subjects 
has previously been discussed (10) Whatever difference exists be- 
tween the behavior of the capillaries m normal individuals and m cases 
of auricular fibrillation is probably to be accounted for by the ineffi- 
ciency of the heart itself 

CONCLUSIONS 

1 The caliber of the artenal and venous limbs of the capillaries 
at the nail fold has been studied by means of cinematography m se\ en 
cases of auricular fibrillation both before and after digitalization 

2 Changes of caliber of about equal magnitude took place m the 
artenal and venous limbs from moment to moment The behavior 
of the various capillanes in the same subject differed from one another 
The extent of the changes during the stage of decompensation was 
much greater than had been obsen ed m normal subjects but as com- 
pensation became established under digitalis the v anatrons became less 
marked 

3 The magnitude of these changes was dependent on the state of 
cardiac decompensation and had no relation to the rate or amount of 
irregularity of the pulse 

4 There was no evidence that these changes were due to a peristal- 
tic wav e of contraction, a local rhythmic contractile action of the capil- 
lary or a pulsatile motion conv eyed to the blood stream and so to the 
capillary v\ all by the heart beat The mechanism of their production 
is uncertain 

5 The blood flow m the capillanes has been studied bv inspection 
The rate apparently v aned from subject to subject and from capillary 
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to capillary m the same subject In cases of marked decompensation 
the stream was slow m most of the capillanes and had a granular ap- 
pearance while m many, stasis was present As compensation became 
established there was a corresponding improvement m the blood flow 
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INTRODUCTION 

Jaundice occurring in myocardial insufficiency is a well recognised 
condition It is seen most frequently in patients with long standing 
heart failure, particularly in patients with mitral or tricuspid disease 
and auricular fibrillation The studies of \ an den Bergh and Snapper 
(1913), Lepehne (1921), Eppinger (1923), Feigl and Quemer (1919), 
McNee (1922-23), Fishberg (1923), Andrews (1924), and others, have 
shown that jaundice m myocardial insufficiency is due to an increase 
of the bilirubin content of the blood serum The subject we wish to 
discuss is the sudden appearance of jaundice or the marked increase 
in the jaundice, which occurs after pulmonary infarction in patients 
suffering from myocardial insufficiency 
The only references in the literature that we hai e been able to find 
in which a specific relationship between jaundice and pulmonary in- 
farction has been suggested haie been those of Schottmuller (1914), 
Eppinger (1923), and Libman (1923) There are many other in- 
stances m which pronounced jaundice has been associated with pul- 
monary mfarction, but the significance of the association has evidently 
not been appreciated, at least, it was not mentioned or discussed 
Among those are reports by Feigl and Querner (1919), Oertel (1910), 
and Mann (1907) Of especial interest m this regard is the statement 
of Matthes (1925), that one of the characteristic features of jaundice 
m patients with myocardial failure, is its sudden appearance, although 
no reference is made to the possible dependence of the jaundice on 
pulmonary infarction 
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HUMAN CAPILLARIES 


to capillary in the same subject In cases of marked decompensation 
the stream was slow m most of the capillaries and had a granular ap- 
pearance while m many, stasis was present As compensation became 
established there was a corresponding improvement in the blood flow 
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Schottmuller (1914) recorded a case in winch jaundice occurred 
after a pulmonary infarction and he felt that the jaundice was due to 
the presence of hematin m the serum However, he did not state 
whether or not the patient had myocardial insufficiency or whether 
he had an increased bihrubmemia as well 

There are other instances in patients with myocardial insufficiency 
in which jaundice may seem to appear suddenly These instances 
occur most frequently during convalescence or during a period of 
marked improvement This condition is not to be confused with the 
sudden appearance of jaundice that occurs after pulmonary infarction, 
because it is not at all unusual for the jaundice in cardiac patients to 
become more distinct when the cyanosis disappears, since the cyanosis 
tends to mask the icterus Another explanation for this phenomenon 
may be the wide fluctuation of the bilirubin content of the blood 
plasma which may occur from day to day even while the patient is 
improving This type of jaundice may be easily differentiated from 
the type that appears following pulmonary infarction smee, in the one 
case the patient continues to improve, while m the other he usually 
becomes progressively worse 

We wish to report in this first communication, ten cases in which 
jaundice appeared for the first time, or became more intense, after 
the occurrence of pulmonary infarction in patients with myocardial 
insufficiency, and later we also wish to record the results of some ex- 
periments which deal with the underlying mechanism of jaundice in 
such cases 

REPORT OF CASES 

Case 1 A man with severe myocardial insufficiency, condition unimproved with 
usual therapy, three days after pulmonary infarction sudden appearance of jaundice 
and urobihnuna, progressive myocardial failure, death sixteen days after pulmonary 
infarction 

History A colored man, aged 52 years, with no previous history of syphilis, 
entered the Johns Hopkins hospital complaining of shortness of breath and swelling 
of the legs For one year he had had symptoms of myocardial insufficiency, 
these symptoms having become considerably worse during the past month 

On exa min ation, he was found to have the physical signs of aortic insufficiency 
together with the usual evidences of moderately severe congestive heart failure 
The liver was enlarged The sclerae were not icteric There was no anemia and 
the white blood count was 10,800 per emm The urine contained neither bilirubin 
nor urobilin 
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Course before pulmonary infarction Following the usual forms of therapy the 
patient’s condition remained stationary He had numerous attacks of paroxysmal 
dyspnoea 

Course following puln onary infarction On the fourth day after admission, 
the patient was seized with a pain m the chest, which was followed by tachy cardia, 
increased respiratory distress, paroxysmal cou gh i n g and the expectoration of 
bloody sputum The temperature rose a degree and one-half above the previous 
average temperature (99° to 101°F ) Three days following the infarct ton thesclcrae, 
became jaundiced and urobilin appeared in the unite The jaundice deepened, 
myocardial insufficiency increased and death occurred sixteen days after the de- 
% elopment of the infarction 

Necropsy findings The important necropsy findings were syphilitic aortitis 
extending to the vessels of the aortic arch, scars in the my ocardium, cardiac hyper- 
trophy , mural thrombi in all the heart chambers, infarct of the spleen, embolic 
thrombi in the pulmonary arteries with iridttple infarctions of the lut gs, broncl o- 
pneumoma, extreme chronic passive congestion of the liver 

Case 2 A man until severe myocardial insufficiency, temporary impreremert, 
two day softer pulmonary infarction appearance of jaundice, bilirubinuna and urobili- 
nuna, hemorrhages into skin, progressive myocardial failure leading to death seren 
days after pulmonary infarction 

History A white man, aged 37 y ears, with a previous history of acute rheuma- 
tic fever, entered the hospital complaining of shortness of breath and swelling of 
the legs He had had symptoms of myocardial insufficiency for six months 
On examination, he was found to have the physical signs of aortic valvular 
disease, together with the usual signs of severe myocardial insufficiency of the 
congestive type There was deep cyanosis but no jaundice The liver was 
enlarged There were frequent attacks of coughing with the expectoration of 
blood tinged sputa There was no anemia and the white blood cells were 12,400 
per emm The urine did not contain any bilirubin 

Course before pulmonary infarction For three days after admission, there was 
definite improvement m his condition, the edema diminished, the blood tinged 
sputa disappeared, and cyanosis became less marked 

Course following pulmonary infarction Three days after admission the patient 
bad a chill, a sev ere attack of coughing and he expectorated a small amount of 
blood His respiratory rate increased, the pulse rate became more rapid, and 
cyanosis deepened, these symptoms were una ccompanied by pain or fever On 
the following day a petechial eruption appeared on the chest, abdomen and the 
upper part of the legs and arms 1 The seventy of myocardial insufficiency m- 

1 The eruption was part of the hemorrhagic phenomena occasionally seen in 
patients with my ocardial insufficiency and particularly in patients with my ocardial 
insufficiency and jaundice These hemorrhages may be due in part to extensrv e 
Irver damage 
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creased Two days following ihc pulmonary infarction the sclerae were yellow and on 
the next day the skin was definitely jaundiced and bilirubin was found in the urine 
The petechial eruption became more extensive and purpunc spots appeared over 
the back There was marked chcmosis with hemorrhages into the conjunctivae 
Jaundice continued to deepen Blood cultures were negative The temperature 
remained normal Death occurred seven days after infarction 

Nccrospy findings The important findings at necropsy were chrome aortic 
stenosis and insufficiency, marked chronic passive congestion of the viscera, 
mural thrombi in the right auricular appendix, ascites, multiple old and fresh hemor- 
rhagic infarcts in the lungs, marked chronic passive congestion of the liver with necrosis 
of the cells in the central portion of the lobules, jaundice 

Case 3 A girl with severe myocardial failure, probable history of pulmonary 
infarction two days before admission, on admission, slight jaundice and bthrubtnuria, 
temporary improvement with disappearance of bilirubmuna, sudden deepening of 
jaundice on day following another pulmonary infarction, reappearance of bile in 
urine, progressive myocardial failure, death three days later 

History A white girl, aged 20 years, with a previous history of acute rheumatic 
fever, entered the hospital complaining of shortness of breath, palpitation, and 
edema of the legs For six years, there had been symptoms of myocardial failure 
which, following the birth of a child, increased so markedly that she was obliged to 
enter the hospital Two days before admission, she had had severe pain in the 
chest, followed shortly by cough, blood tinged sputum, and an exacerbation of her 
general symptoms 

On examination, she was found to have the physical signs of mitral, aortic and 
probably tricuspid valvular disease, associated with the usual evidences of severe 
congestive heart failure The liver was enlarged, and there was a slight icteric tinge 
to the sclerae There rasa moderate secondary anemia (hemoglobin 65 per cent), 
and the white blood cells were 21,000, per emm The urine contained a trace of 
bilirubin The stools contained bile 

Course before pulmonary infarction Following the usual forms of therapy, 
there ensued a period of slight improvement, during which the bile disappeared 
from the urine 

Course following pulmonary infarction On the twelth day after admission, she 
suffered from sudden pain in the chest, the pulse became more rapid, cyanosis 
deepened, and she developed paroxysms of coughing, productive of bloody sputum 
There was no elevation of temperature above the previous level (99° to 101°F ) 

On the following day, there was a striking increase in the degree of jaundice and bili- 
rubin reappeared in the unne These symptoms were associated with marked in- 
crease in the seventy of myocardial failure, which progressed up to her death, three 
days later 

Necropsy findings The important necropsy findings were cardiac hyper- 
trophy, chrome endocarditis of mitral, aortic and tricuspid valves, chronic passive 
congestion of the lungs, multiple hemorrhagic infarcts of the lungs, bronchopneu- 
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monia, ascites, fibnnous plcunsv ov cr both lungs, extreme chronic passre congestion 
of the Ircr until necrosis of the central part of the lobules and fatly infiltration of the 
midzone of the lobules, jaundice 

Casc4 A manuith moderately severe myocardial insufficiency and slight jaundice, 
probable pulmonary infarction two days before admission, temporary improvement, 
intensification of jaundice three days following pulmonary infarction, appearance of 
bilirubmuria, hemorrhages into skin, slight ferer, death eleven days later, due to pro- 
gresst-e myocardial failure 

History A white man, aged 39 y ears, ■whose previous history was unimportant, 
entered the hospital on account of shortness of breath and edema of the legs He 
had had symptoms of mvocardial insufficiency for rune months Two days before 
admission all of his symptoms had been exaggerated following the occurrence of 
pain m the chest that was followed b> the expectoration of bloody sputum 

On examination, the striking features were the physical signs of a dilated aorta 
with aortic insufficiency associated with a moderate degree of heart failure of the 
congests e type The sclerae had a y ellowish tinge but the urine did not contain 
bilirubin There was neither anemia nor fever 

Course before pulmonary infarction Following the usual forms of therapy , the 
patient’s general condition improv ed for a period of five days Edema diminished 
and cyanosis became less marked 

Course following pulmonary infarction Five days after admission the patient 
was seized with pain in the chest, associated with extreme respiratory distress 
The pulse rate increased in frequency , the respirations became more rapid and 
labored, cyanosis deepened and edema increased There were frequent attacks of 
coughing with expectoration of bloody sputum Three days after infarction, the 
laundice, which had been very faint, became intense, bilirubin appeared m the urine 
and a few petechial hemorrhages appeared about the knees The jaundice was 
most marked over the upper half of the body and not so conspicuous over the 
legs J The temperature rose to 101°F three days after infarction. Death oc- 
curred eleven days later 

Necropsy findings The necropsy revealed syphilitic aortitis with mvolvement 
of the aortic valv es, chrome passiv e congestion of the viscera, extensive hemorrhagic 
infarcts of both lungs, jaundice, marked chronic passive congestion of the liver with 
necrosis of cells about the center of the lobule and increase m the connectre tissue 


5 We have observed upon several occasions that the jaundice in patients with 
myocardial insufficiency is most conspicuous over the upper portions of the body 
where the edema is less marked It is most marked in the sclerae and mucous 
membranes, in the face and arms and over the chest and abdomen but to a le-s 
extent over the edematous legs Occasionally it is seen best ujxra the abdominal 
wall, where jaundice is not mas! cd b\ cv ano=is and the tissues are not v ery edema- 
tous This distribution of jaundice in myocardial insufficiency has also been noted 
by Mcahins (1925) 
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Case 5 A man with moderately severe myocardial insufficiency, no improvement, 
two days following pulmonary infarction sudden appearance of jaundice with increase 
in bilirubin content of blood , appearance of biliruhnuna, progressive myocardial 
failure, death eleven days after pulmonary infarction 

History A white man, aged 45 years, with a previous history of syphilis, 
entered the hospital complaining of abdominal pain and spells of dizziness He 
had had attacks of paroxysmal dyspnoea and substemal pain for ten months He 
had had one previous attack of congestive heart failure from which he had 
recovered 

On examination, there were present the physical signs of syphilitic aortitis with 
aortic insufficiency, associated with signs of moderately severe myocardial failure 
The liver was enlarged There was no jaundice and the urine was free from bili- 
rubin There was no anemia and the white blood cells were 8,600 per emm 
Course before pulmonary infarction The patient’s condition remained sta- 
tionary for seven days He had irregular fever, numerous attacks of paroxysmal 
dyspnoea, and substemal pam 

Course following pulmonary infarction Seven days after admission the patient’s 

temperature rose to 104°F , he complained of pam m his chest and expectorated 
bloody sputum On this day the amount of bilirubin in the blood serum was two 
units (van den Bergh), giving the indirect reaction Two days later the sclerae and 
skm were visibly jaundiced and bilirubin appeared m the urine The amount of 
bilirubin in the blood on this day was four units and the reaction was direct 
On the fifth day following infarction the blood gave the direct reaction and con- 
tained five units of bilirubin, and the skm was now deeply jaundiced He failed 
progressively and died eleven days after infarction 

Necropsy findings The important necropsy findings were syphilitic aortitis 
with aortic insufficiency, cardiac enlargement, chrome passive congestion of the 
viscera, old and fresh pulmonary infarcts, jaundice, terminal pneumonia, chrome 
passive congestion of the liver with necrosis of the cells about the central vein 

Case 6 A man with severe myocardial failure, slight jaundice and ttrobtltnuna 
on admission, temporary improvement, on day following pulmonary infarction 
sudden deepening of jaundice with appearance of biltrubinuna, progressive heart 
failure leading to death fifteen days after pulmonary infarction 

History A white man, aged 41 years, with a history of recurring attacks of 
acute rheumatic fever, entered the hospital on account of edema of the legs and a 
cough without the production of sputum There had previously been several 
attacks of myocardial insufficiency, each time with temporary recovery His 
present attack was of four months duration 

On e xami nation he was found to have the signs of mitral valvular disease, auric- 
ular fibrillation and severe myocardial insufficiency of the congestive type There 
was definite jaundice of the skm and sclerae There was a moderate secondary 
anemia (hemoglobin 70 per cent) , the leucocytes were 7,640 per emm There was 
urobihnuna and moderate retention of nitrogen in the blood 
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Course before pulmonary infarction There was a defixute improvement in the 
patient’s condition for four days As cyanosis disappeared, icterus beca m e more 
distinct 

Course following pulmonary infarction Four days after admission the patient 
had se\ere pain in the chest, the respirations became accelerated, the heart rate 
increased, the pulse defiat became more marked, evanosis deepened but the tem- 
perature did not nse above the previous level (100° to 100 6°F ) There vras 
neither cough nor bloody expectoration On the following day there uas a marked 
increase in the degree of jaundice, bilirubinuna appeared, and a friction rub vras 
heard oxer the lower lobe of the nght lung The myocardial msuffiaency in- 
creased in seventy and the patient died fifteen days later 

Necropsy findings The important necropsy findings were chronic endocarditis 
of the mitral and tricuspid valves, marked chronic passive congestion of the liver, 
infarct in the right median lobe, nght hy drothorax. 

Case 7 A man 'with severe myocardial failure and slight jaundice, temporary 
improvement, sudden increase of jaundice two days following pulmonary infarction, 
appearance of bilirubinuna, hematemesis and meleita, progressi-e m\ ocardial failure, 
death six days after pulmonary infarction 

History A white man, aged 37 years, with a history of acute rheumatic fever, 
entered the hospital on account of swelling of the extremities and breathlessness 
He had had symptoms of my ocardial msufnaency for four months 

On examination he was found to ha\ e the physical signs of aortic and mitral 
valvular disease, assoaated with rather severe mv ocardial insufficiency of the 
congestive type The sclerae and skin had a yellowish tinge, the unne did not 
contain bilirubin There was no anemia and the white blood cells were 10,400 
per ernm 

Course before pulmonary infarction Following the usual forms of therapy there 
was a definite improvement m the patient’s condition The edema diminished, 
the kv er became smaller and cyanosis was less marked 

Course following pulmonary infarction Four days after admission, the patient 
suddenly became more dyspneic, the pulse became more rapid, cyanosis deepened 
and the signs of congestion increased There was no fev er, pain, cough nor bloody 
expectoration Within tuo days the jaundice deepened, urobihnuna and bihrabi- 
nuna appeared The patient had a hematemesis and the stools contained occult 
blood Death occurred six days following pulmonary infarction 

Necropsy findings The necropsy revealed chrome mitral and aortic stenosis, 
cardiac hypertrophy , chrome passiv e congestion of the viscera, mural thrombi m 
the nght auricular appendage, multiple hemorrhagic infarcts of the lungs, jaundice, 
chronic passive congestion of the h~cr 'with necrosis of the cells about efferent ~ein of the 
lobule, multiple superficial gastnc and duodenal ulcers, diphthentic colitis 

Case S A man 'with severe myocardial failure ard slight jaundice, temporary 
improvement, two da\s following pulmonary infarction deepening of jaundice and 
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appearance of bthruhnuria, progressive myocardial failure Death nine days fol- 
lowing pulmonary infarction 

History A colored man, aged 41 years, with a history of acute rheumatic fever, 
entered the hospital on account of swelling of the extremities He had had symp- 
toms of myocardial insufficiency for three months and for one month they had 
been severe 

On examination, he was found to have the signs of mitral valvular disease and 
moderately severe myocardial insufficiency The sclerae had a yellowish tinge, 
there was no bilirubmuna There was no anemia and the -white blood cells were 
8,400 per emm 

Course before pulmonary infarction Following the usual forms of therapy there 
was a definite improvement m the patient’s condition for a period of four days 

Course following pulmonary infarction Four days after admission the patient 
had pain the chest which was followed by tachycardia, increased respiratory rate, 
cough and bloody sputum The temperature did not nse above the former level 
(99° to 100°F ) until three days after the infarction took place when the tempera- 
ture was 102°F The white blood count W'as 8,040 per emm The symptoms of 
myocardial insufficiency increased , four days after infarction the jaundice deepened 
and bdirubm appeared in the urine The patient failed rapidly and died nine days 
after pulmonary infarction 

Necropsy findings The necropsy revealed chrome mitral endocarditis, ad- 
hesive pericarditis, cardiac enlargement, scars in the myocardium, multiple hemor- 
rhagic infarcts of the lungs, jaundice marked chronic passive congestion of liver with 
necrosis of central and mid zones of the lobules, bronchopneumonia 

Case 9 A man with severe myocardial failure, sudden appearance of jaundice two 
days following pulmonary infarction, temporary improvement for sixteen days, deepen- 
tng of jaundice and appearance of bilirubmuna following second pulmonary infarc- 
tion, hematemests, death due to progressive myocardial failure seven days after second 
pulmonary infarction 

History A white man, aged 59 years, whose past history was unimportant, 
entered the hospital on account of swelling of the abdomen He had had one pre- 
vious attack of myocardial fadure five months before admission He had had 
symptoms of moderately severe myocardial insufficiency for two months 

On examination, the patient was found to have signs of aortic valvular disease, 
with a dilated aortic arch associated wuth the usual evidences of myocardial in- 
sufficiency of the congestive type There was no jaundice The liver was en- 
larged The urine did not contain any bilirubin and there w r as no anemia The 
white blood cells were 5,880 per emm 

Course before pulmonary infarction Following the usual methods of therapy 
the patient’s condition improved for a period of two days 

Course following pulmonary infarction Tw’o days after admission the patient 
began to have attacks of coughing and expectorated bloody sputum The respira- 
tory and heart reates increased, but there u r as no fever Tw'o days later, there 
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das definite jaundice of the sclcrae ai d shit and uraibiltnuna but no btlirubmuna 
Following tins attack his general condition improv ed for a period of sixteen days 
when another pulmonary infarct occurred This was followed by an increase m 
my ocardial insufficiency , jaundice became more intense and bilirubin appeared m 
the unne The patient had a hematemesis two days before death and died seven 
daw after the second pulmonary infarction 

Necropsy findings The important necropsy findings were syphilitic aortitis, 
aortic insufficiency , aneurysm of the arch of the aorta, chrome adhesive pericarditis 
over the aneury sm of the ascending arch of the aorta, chrome passn e congestion of 
the viscera, multiple infarcts in the right lung, hemorrhagic erosions of the mucosa 
at the cardiac end of the stomach, jaundice, chronic passive congestion of the liver with 
necrosis of the cells about the central -cut 

Case 10 A man until severe myocardial insufficiency, slight jaundice on admis- 
sion, temporary improvement, tuo days following pulmonary infarction increase in 
intensity of jaundice, appearance of btlirubinuria, death twelve days later due to 
progressive myocardial failure 

History A colored man, aged 45 y ears, was admitted to the hospital on account 
of swelling of the extremities He had had symptoms of progressive my ocardial 
failure for one year and these symptoms had all become more severe recently 
On examination, he was found to have an enlarged heart without evidences of 
valvular disease, moderate arteriosclerosis and the usual signs of my ocardial insuffi- 
ciency of the congestive type There was a slight yellowish tint of the sclerae 
The unne did not contain bilirubin The In er was enlarged The amount of 
bilirubin in the blood at this time was 1 5 units (indirect) 

Course before pulmonary infarction Following the usual forms of therapv , his 
general condition seemed to improv e His lrv er remained large, however, jaundice 
of the sclerae deepened m degree, the amount of bilirubin m the blood rose to 3 
units (indirect) and urobilin appeared in the unne 

Course following pulmonary infarction Eight days after admission he became 
more dyspneic, he had paroxysmal attacks of coughing with the expectoration of 
bloody sputum. The symptoms of my ocardial insufficiency increased and auncular 
fibrillation appeared Three days later, jaundice became more marked , the amount 
of bilirubin m the blood increased to fix e units (direct and bilirubin appeared m 
the unne The myocardial insufficiency and jaundice continued to increase in 
degree, a fnction rub appeared over the lung The temperature was not elevated 
above 101°F The leucocyte count was 7,800 Two davs before death there were 
10 units (direct) of bilirubin m the blood Death occurred twelve days after 
pulmonary infarction 

Necropsy was not obtained 

ANALYSIS OF CLINICAL CASES 

a Clinical picture before pulmonary infarction Of the ten cases 
studied in this group, five had syphilitic four rheumatic and one ar- 
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tenosclerotic heart disease One-half of these patients had had pre- 
vious attacks of myocardial insufficiency varying m duration from two 
months to one year before the illness that brought them to the hos- 
pital All had had symptoms of heart failure from one to three months 
before commg under observation Four of the ten patients gave a 
history of having had symptoms that might be interpreted as bemg 
due to previous pulmonary infarctions On examination, seven of the 
ten patients had severe heart failure, while the other three were moder- 
ately ill Six of the patients had shght jaundice of the sclerae and 
skin, while four showed no evidence of jaundice whatever The hver 
was enlarged in eight cases and not palpable m the other two Bili- 
rubin was present in the urine m only two cases The leucocyte count 
was normal in all of the cases except one m which there was a leucocy- 
tosis of 21,000 per cmm Following the usual forms of therapy six 
of the patients improved, three remamed stationary and one patient 
became progressively worse 

b Clinical picture following pulmonary infarction Following the 
development of pulmonary infarction, the entire clinical picture 
changed, suddenly and often without warning The characteristic 
features and course were 1, mcreased severity of the manifestations 
of myocardial failure, 2, the appearance of jaundice, 3, the symptoms 
dependent on the local process m the lungs, and 4, the appearance of 
hemorrhagic phenomena The first one was constant, aside from the 
appearance of jaundice, the most characteristic feature was the sudden 
exacerbation of the symptoms of myocardial insufficiency, rapidly 
progressive, and leading to the death of the patient within three to 
fifteen days Marked cyanosis was present in every case In one 
patient transient auricular fibrillation developed 

The symptoms usually considered characteristic of pulmonary in- 
farction were not always striking, and were, m fact, sometimes absent 
In practically all cases, there was mcrease m the respiratory rate and 
also in the seventy of dyspnea, but ordinarily, these symptoms alone 
are not necessarily an indication of the development of pulmonary 
infarction Thoracic pam was present in six cases, cough and bloody 
expectoration m eight In only four instances did a fnction rub 
appear over the affected lung, m these cases it was heard within two to 
five days after infarction occurred Fever was present in only four 
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cases, and was not assoaated with marked increase m the number of 
leucocytes 

The most str ikin g and conspicuous manifestation of pulmonary 
infarction in these cases was the sudden appearance of jaundice, or, 
if jaundice was already present, its sudden deepening This symptom 
occurred within one to four days, usually on the second or third after 
infarction About the same time, bilirubin was found m the unne of 
all but one of the cases, and in this exceptional instance, there was a 
large amount of urobihn in the urine 

In two cases hemorrhages occurred mto the skin, m two cases hema- 
temases occurred, and melena and hematuna developed, each in one 
instance 

The important necropsy findings in rune of our cases were pulmonary 
infarctions, usually multiple and extensn e chrome passive congestion 
of the liver with necrosis of the cells about the central veins The bile 
passages were free and patent in all of the cases The source for the 
pulmonary" emboli was the right auricular appendage m five cases and 
in the other four cases the source for the emboh could not be deter- 
mined with certainty 

CLINICAL PICTURE 

Clinical picture With these data, one may construct the following 
picture The patient suffers from fairly se\ ere heart failure, usually 
of considerable duration At first he may show slight jaundice, 
visible jaundice may however be entirely absent Under treatment, 
definite improvement may take place Suddenly, a distinct change 
in the cluneal picture occurs, dependent on the development of pul- 
monary infarction Dyspnea becomes more intense, cyanosis deepens, 
myocardial failure increases and progresses rapidly Usually, on the 
second or thud day after the occurrence of pulmonary infarction, 
jaundice suddenly makes its appearance, or it becomes markedly 
intensified if it has been present previously At the same time, bfli- 
rubm and urobihn are found m the unne Hemorrhagic phenomena 
occasionally de%elop These symptoms increase, advance steadily, 
and within a relatively short time, death ensues It is important to 
bear in mind the fact that the entue course of events may take place 
m the absence of characteristic signs of pulmonary infarction. The 
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sudden appearance of jaundice or the sudden increase in the seventy of 
myocardial insufficiency , should make one suspect that pulmonary in- 
farction has occurred , even when outspoken evidences of pulmonary 
inf ai chon cannot he obtained 

Undoubtedly, the above description applies only to a cert ain 
group of patients There are certainly instances of pulmonary in- 
farction which bring about lesser degrees of jaundice, perhaps detect- 
able only by use of a method such as the van den Bergh test, and it is 
altogether probable that m these cases, the clinical course is not so 
stormy as we have pictured it, and that recovery frequently takes 
place 3 Indeed, m our own cases, there were several instances in 
which the shght jaundice that was first seen was probably due to pre- 
vious mfarctions (possibly multiple) , and recovery, at least temporary, 
might have ensued, had not further mfarction taken place, this time 
leading to irreparable damage and death 

SUMMARY AND CONCLUSIONS 

We have reported 10 cases of myocardial insufficiency in which the 
sudden appearance of visible jaundice, or the sudden increase in jaun- 
dice that was already present seemed directly dependent on the develop- 
ment of pulmonary infarction The jaundice was due, m all mstances, 
to bihrubmemia In all these cases, the clinical course was very simi- 
lar, for death, due to progressive myocardial failure, occurred within a 
relatively short time 
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PATIENTS WITH MYOCARDIAL INSUFFICIENCY 
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INTRODUCTION 

In a preceding paper (Keefer and Resmk (1926)) we described ten 
patients suffering from myocardial insufficiency, in whom jaundice 
appeared for the first time or increased considerably if already present 
following the development of pulmonary infarction 

It is apparent that pulmonary infarction in a patient suffering from 
heart failure involves more than the mere extrai asation of blood mto 
the lungs The experimental v.ork of Bmger, Brow and Branch 
(1924) shows that the chief functional disturbance which occurs as a 
result of pulmonary embolism is the de\ elopment of anoxic anoxemia, 
a state in which the arterial blood contains less than its normal quota 
of oxygen Undoubtedly, anoxemia of a similar kind de\ eloped in 
the patients whose histones we ha\ e reported While it is true that 
m the experiments of Bmger, Brow and Branch it was only after multi- 
ple embolisms had taken place that anoxemia appeared, and that in 
some of our patients on the contrary" only one infarct occurred, it must 
be remembered that the circumstances differ m the two instances 
In the expenments of Bmger, Brow and Branch, the animals and the 
lungs were normal A considerable amount of mechanical obstruc- 
tion of the pulmonary circulation must take place before the functional 
impairment of the lungs is sufficiently great to produce anoxic anoxemia 
On the other hand, it is altogether reasonable to assume that, in patients 
such as we ha\e described, m whom there is ahead} functional im- 
pairment of the lungs, due to chrome passn e congestion, still further 

3S9 
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diminution in the amount of effective pulmonary tissue may bnng on 
anoxic anoxemia, or exaggerate the degree of anoxemia already present 

There is another factor of prime importance All the patients in 
whom jaundice appeared following pulmonary infarction died within 
a relatively short time of progressive myocardial failure There is 
•evidence to show that anoxemia depresses myocardial function, par- 
ticularly when the myocardium is already damaged (Resnik, 1925) , 
so that the effect of pulmonary infarction m patients with myocardial 
failure is not only to cause anoxic anoxemia to appear, but also to 
increase the degree of stagnant anoxemia, which is dependent on the 
development of diminished circulatory minute volume 

Finally, the condition of the liver remams to be considered Smce 
all our patients were suffering from severe and long standing myocar- 
dial insufficiency, it is probable that at the time when p ulm onary 
infarction developed there must have been present changes in the hver 
characteristic of chronic passive congestion Smce according to con- 
temporary theories of jaundice (McNee, 1922), (Rich, 1925), it is the 
function of the hepatic cells to excrete the bile pigment that is brought 
to them by the blood stream, the functional efficiency of these cells 
must be kept clearly m mind 

In pulmonary infarction in patients with myocardial failure, we must 
deal, then not only with extravasation of blood into the pulmonary 
tissues, but with the functional disturbances that such a lesion may bring 
about To state the case more directly It is possible that anoxemia , 
which is caused by pulmonary and circulatory impairment, resulting 
from pulmonary infarction, may depress the excretory function of already 
damaged liver cells to such an extent that jaundice appears The experi- 
ments now to be described had as their object a study of the effect of 
anoxemia on the damaged hver 

EXPERIMENTAL METHODS 

To produce a hver lesion that would simulate the condition of chronic 
passive congestion, we had recourse to the use of carbontetrachlonde 
When this substance is given by mouth, a central lesion of the hver 
lobule occurs (Lamson, Gardner, Gustafson, Maire, McLean and 
Wells (1923)), (Gardner, Grove, Gustafson, Maire, Thompson, 
Wells and Lamson, (1925)) The hver injury reaches its maximum 
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within 24 to 48 hours, and healing begins three or four days after 
administration 

Dogs were given carbontetrachlonde by stomach tube, in doses of 
4 cc per L3o of body weight Twenty-four hours later, they were 
anesthetized by the subcutaneous injection of morphine, approxi- 
mately 6 mg per kilo, followed by the administration of urethane, 1 
gm per kilo, given in watery solution by stomach tube 
Through a Y-shaped tracheal cannula, a catheter was inserted 
down to the bifurcation of the trachea, the catheter being connected 
with a tank of nitrogen Anoxemia, of any desired degree, was pro- 
duced by varying the amount of nitrogen flowing into the lungs The 
degree of anoxic anoxemia was determined by analysis of samples of 
blood taken from the femoral artery Analyses of the oxygen content 
and capacity of the blood were made by the methods of van Slyke 
On a few occasions, similar analyses of the venous blood were made, in 
order to ascertain the degree of stagnant anoxemia Samples of 
blood for the determination of the bilirubin content were taken usually 
from the femoral vein, occasionally from the femoral artery The 
blood was drawn mto tubes containing a few crystals of sodium oxa- 
late, the amount of bflirubm being estimated by the modification of 
the van den Bergh test recently described by McNee and Keefer 
(1925) When the urine was tested in order to find whether bile 
pigment was present, the Salkowski modification of the Huppert test 
was employed In several experiments, the presence of hematm in 
the blood was sought, by spectroscopic analysis of the plasma, using 
the Leitz spectroscope attachment for the microscope 
The general procedure in the experiments was to estimate the bili- 
rubin content of the blood at intervals, while the animal was breathing 
air, usually with an added quota of oxygen 1 After several hours, 
anoxemia was induced, and bflirubm determinations of the blood were 
made again at intervals Since the exact procedure differed m indi- 
vidual experiments, the details are given m the protocols On com- 
pletion of an experiment, pieces of k\ er were remo\ ed for histological 
examination, and other obsen, ations were made which will be recorded 
in the protocols 

'It will be understood that whenever the bilirubin content of the blood is 
mentioned, it is actually to the blood plasma or serum that the reference is made. 
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RESULTS OR EXPERIMENTS 

Dog 1 Weight 11 pounds This animal was used as a control In 
order to test the effect of anoxemia on the normal liver carbontetra- 
chlonde was not given At the beginning of the experiment, 35 cc of 
the animal’s own blood was injected intrapentoneally, considering the 
size of the dog, this was the equivalent of a fairly large extravasation 
of blood This was done because in some of the other experiments, 
there was extravasation of a certain amount of blood into the peri- 
toneal cavity due to operative procedure, although it was improbable 

TABLE 1 


Dog 1 EJJect of anoxemia ok the bihrubtn content of hlood of an animal with a normal liver 


Tune 

Oxygen 
saturation 
of arterial 
blood 

Bilirubin 
content of 
blood 
plasma 

Hematin 
in blood 
plasma 

Remarks 


ter cent 

units 



9 45 a.m 

95* 

0 

0 


11 15 a m 

56 



1 low of nitrogen to lungs started 

11 35 a m 

56 

0 

0 


' 1 55 p m 

56 

0 

i 0 


3 15 p m 

56 

0 

! o 


5 00 p m 

56 

0 

0 


5 01 p m 

<56 



Flow of nitrogen increased 

6 00 p m 

56 

0 

0 


6 01 p m 

56 



Flow of nitrogen further increased 

6 30p.m 

6 35 p m 

56 

0 

0 

Animal died 


* This figure is approximate, the arterial blood was at least 95 per cent saturated with 
oxygen, since the breathing mixture was enriched with oxygen 


that, dunng the relatively short duration of a single experiment, the 
presence of blood m the peritoneal cavity could have had any effect on 
the bilirubin content of the blood 
The results of the experiment are summarized m table 1 
Autopsy The bile passages were patent The urinary bladder 
contained 80 cc urine, which was free of bile pigment Blood was 
present in the peritoneal canty, approximately similar in amount to 
that injected Histological examination oj the liver showed slight but 
definite central necrosis of the liver lobules We shall return later to a 
discussion of the significance of this finding 
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Comment Extremely set ere anoxemia, of over seven hours dura- 
tion, had no effect in increasing the bilirubin content of the blood of 
this animal, whose liver, at the beginning of the experiment was 
normal There was moreover no evidence that the presence of free 
blood in the peritoneal cavity caused the appearance of hematm 
m the blood during the period of the observations 

Dog 2 Weight 25 pounds, 4 cc carbontelrachloride administered 24 
hours previously 

TABLE 2 


Dog 2 Effect of anoxemia on the bilirubin content of the blood of an animal mils injured leer 


Time 

Ory^em 
saturation of 
literal blood 

Bilirubin 
content of blood 
pbtsma 

Remarks 


fer cent 

units 


10 10 am. 

92 

0 

Hemolyzed blood in plasma of exery 




sample of blood 

1 10 pm. 

92 

0 


3 00 pm. 

92 



3 10 pm 

92 

0 


4 10 pm 

93 

0 


4 50 pm. 

93 

0 


5 10 pm I 

72 


Artenal anoiemia* 

5 55 p m 

72 

0 


7 35 pm. 

72 

Trace 


8 46 pm. 

<72f 

0 75 


9 45 pm 

72 

0 75 


10 45 p.m. 

72 

0 75 


11 35 p m 

72 

0 75 

Immediately after death 


* Actual!} , the flow of nitrogen was started at 2 00 pan Analyses of the artenal 
blood at 3 00 p m and at 4 00 pm showed, howe\ er, that the artenal blood was normal!} 
saturated This was undoubtedly due to the fact that respiration was stimulated sufn- 
cjentl} to compensate for the slight!} increased percentage of nitrogen in the inspired gas 
At 5 10 pan the percentage of nitrogen in the brea thin g nurture was increased, analysis 
at this time showing that the artenal blood was 72 per cent saturated. Anoiemia must 
be considered, then, to hare begun at this tune. 

t From 8 00 pan on, there was present not on!} anonc anoiemia, but also stagnant 
anoxemia, the extent of which was not determined We make this statement, because the 
animal was m poor condition In order to prolong the experiment as long as possible, 
the flow of nitrogen was discontinued at 8 00 pm and at 10.30 p.m. for about 10 minutes 
each tune During this time, a nch mixture of oxygen was gnen. In spite of the fact 
howexer that the artenal blood was rendered bnght pink, the mucous membrane of the 
tongue remained distinctly cyanotic, indicating that the blood flow through the tissues 
was impaired The degree of anoiemia was really greater, then, than would appear from 
the figure in the table. 
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Autopsy The bile passages were patent The urinary bladder 
held 120 cc urine which contained a trace of bile pigment (the exact 
amount was not determined) The lungs were normal Histological 
examination of liver tissue show marked central necrosis of the 
hver lobule 

Comment In this animal in which the hver had been damaged by 
the administration of carbon tetrachloride, there was no b ilir ubin m 
the blood over a period of seven hours when the arterial blood was 
normally saturated with oxygen Two and a half hours after induc- 
ing a fairly severe anoxemia, there was a trace of bilirubin m the blood, 
the amount increasing to 0 75 unit an hour later Thereafter there 
was no mcrease The anoxemia which was present was not only of 
the anoxic type, but also of the stagnant type 

On centrifuging each specimen of blood, it was found that there was 
constantly present a shght amount of hemolyzed blood m the super- 
natant plasma That this was not due to oxalate is shown by the fact 
that a similar finding was observed when the blood was allowed to 
clot 2 Although bilirubmemia might have occurred owing to injury of 
the hver and probably an increase in the formation of bile pigment due to 
the presence of free hemoglobin m the circtdalmg blood, bilirubinenna did 
not appear until anoxemia was induced 

Dog 3 Weight 41 pounds, 4 cc per kilo of carbontelrachlonde given 

24 hours previously Kidney pedicles hod In the experiment just 
described (dog 2), there exists the possibility, even though unlikely, 
that the mcrease of bilirubin in the blood was due partly to depression 
of kidney function as the result of anoxemia Because of this pos- 
sibility, the entire pedicle of each kidney was securely hgated 3 

Autopsy The bile passages were patent The renal artery, vein, 
and the ureter were securely hgated on both sides There was about 

25 to 30 cc of free blood m the peritoneal cavity, due to the operative 
procedure The lungs were normal Histological examination of the 
liver showed central necrosis of the hver lobules 

Comment During the control period, when the arterial blood was 

2 T . unis on, Gardener et al (1923) have also found intramuscular hemolysis, 
although apparently less frequently than we have 

3 This was done, rather than removal of the kidneys, in order to avoid, so far 
as possible, surgical shock 
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TABLE 3 


Dog 3 Effect of anoxemia on the biltntb n content of the blood cf an animal villi injured liter 


Tune 

Oxyfta 
saturation of 
arterial blood 

1 

Bilirubin content of 
blood plasma 

Remarks 

10 25 am 

ter uni 

95?* 

ur.iU 

Faint trace? 

Hemolyzed blood in plasma of every 

1 35 p m. 

95 

Faint trace? 

sample of blood 

2 00 pan. 

57 


Flow of nitrogen started 

2 35 p.m. 

57 

Definite trace 


3 05 p.m 

57 

1 1 


3 45 pan 

57 

1 5 

Sample taken immediately after death 


* Analysis not done. Dog was breathing air ennehed with osy gen. 


TABLE t 

Dog 4 Effect of anoxemia on bilirubin content of the blood of an animal xith injured Uxt 


Time 

Of*?™ , 

saturation of 
arterial blood 

Billrubm content of 
blood plasma 

Remarks 

10 30 am. 

ter uni 

95?* 

ur.ils 

Faint trace 

Condition poor Tongue cyanotic in 

1 30 pm. 

95 

1 56 

spite of high percentage of oxygen 
in breathing mixture 

1 50 pm. 

95 


Condition of animal poor Oxygen 

2 30 pm. 

95 

1 50 

saturation of the femoral v ein 35 7 
per cent 

3 38 pm. 

95 

1 56 


4 30 pm 

87 4 

1 

Added flow of oxygen discontinued 

4 35 pm. 

87 4 

1 50 

Animal breathing air Respirations 
shallow 

5 35 pm 

87 4 

1 60 


6 45 pm 

7 45 pm. 

87 4 

87 4 

1 75 


8 45 pm 

87 4 

1 88 


9 45 pm. 

87 4 

2 8 


11 35 pm. 

87 4 

1 56 

Sample taken immediately after death 


* Ox> gen content was not done. Animal was inspiring an oxygen rich mixture of gas 
The arterial blood was bright pink and was probably 95 per cent saturated with oxygen 
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normally saturated with oxygen, there was a questionable trace of 
bilirubin in the blood One-half hour after severe anoxemia was 
induced, there was a definite increase m the amount of bilirubin of the 
blood, the amount reaclung 1 5 umts at the time of death of the ani- 
mal, about two hours later 

Dog 4 Weight 12 pounds, carbon tetrachloride, 4 cc per kilo, given 
by stomach tube 24 hours previously Kidney pedicles tied 
Autopsy The bile passages were patent There was free blood, 

15 to 20 cc , in the pentoneal cavity The entire kidney pedicle was 
securely ligated on both sides Histological examination of the hver 
showed extensive central necrosis of the hver lobule 

Comment Because of profound operative shock, there was present 
throughout the entire experiment a considerable degree of stagnant 
anoxemia, as evidenced by the low oxygen saturation of the venous 
blood (see table 4, at 1 50 p m ) while at the same time the arterial 
blood was normally saturated with oxygen This we beheve was 
responsible for the increase in the bilirubin content of the blood from a 
trace to 1 56 units three hours later At 4 30 p m , the added supply 
of oxygen to the inspired air was discontinued The respirations 
then became slow and shallow, probably because arterial oxygen satura- 
tion diminished to 87 4 per cent In other words, there was super- • 
imposed on stagnant anoxemia, an anoxic anoxemia, although of rela- 
tively mild degree The bilirubin content of the blood then began to 
increase steadily, reaching its maximum five hours later, the bilirubin 
concentration of the blood was 2 8 umts at this time About two 
hours later the animal died A sample of blood taken from the heart 
immedately after death showed that the bilirubin concentration had de- 
creased to 1 56 units 

Every sample of blood was found to contain free hemoglobm m the 
plasma At no time, however, was hematin detected in the plasma by 
spectroscopic examination 

Dog 5 Weight 11 pounds, carbontetracMonde, 4 cc per kilo, ad- 
ministered 24 hours previously In order to avoid the operative shock 
consequent on ligating the kidney pedicles, a cannula was inserted in 
the urinary bladder In this way, changes m the bile pigment content 
of the urine could be detected at intervals during the experiment 
Autopsy The bile passages were patent There was no blood in 
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the pentoneal cavity Near the roots of the lungs there were a few 
small patches of edema and atelectasis Histological examination of 
the La er showed central necrosis of the liver lobule 
Comment During the control period, when the arterial blood was 
normally saturated with oxygen, the faint trace of bilirubin in the 
blood, which was present on the first examination, disappeared One 
hour after the beginning of anoxemia, bilirubin reappeared in the blood, 
increasing to 0 8 unit shortly before the death of the animal, about six 
hours after anoxemia was produced 


TABLE S 

Dog 5 Effect of anoxemia on the Mtrubin corlenl of the blood of an animal silk injured li-er 


Time 

Oxygen 
saturation 
of arterial 
blood 

BUimbrn content of 
blood plasma 

Bilirubin content 
of tmne 

Remarks 


Per cent 

units 



10 30 a.m. 

95’ 

Famt trace? 

0 

Content not determined 





Breathing an oxygen rich 
mixture. Condition of 
animal excellent 

12 30 p.m. 

95 

Famt trace? 

0 


2 35 p.m 

95 

0 

0 


4 30 pan. 

95 

0 



4 31p.m. 

66 



Flow of nitrogen to lungs 





started 

5 30 p.m. 

66 

Famt trace 

0 


6 20 p.m. 

66 

Definite trace 



8 00 p jn. 

66 

0 6 

Faint trace 


S 45 pan. 

66 

0 6 



9 45 pjn. 

66 

0 75 

Faint trace 


10 50 pjn. 

66 

0 8 


Sample taken one-half hour 





before death 


There was no intravascular hemolysis in this anim al 
Dog 6 Weight 19 pounds, carhontelrachlonde uas not given to tins 
animal In all previous experiments, in which In er injury had been 
caused by the administration of carbontetrachlonde, there was an 
increase in the bilirubin content of the blood within a relatively short 
time after anoxemia was instituted The increase of bilirubin in the 
blood may, it appeared, have been due to increased formation of bili- 
rubin during periods of anoxemia. The damaged liver may, under 
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ordinary circumstances, have been able to excrete the amount of 
bilirubin which was normally formed, but during anoxemia the pro- 
duction may have been excessive so that the hver was taxed beyond its 
capacity, with the result that bilirubin began to accumulate in the 
blood 

The cystic duct was hgated and a cannula was inserted m the com- 
mon bile duct and connected with a rubber tube leading out through 
the abdominal wound The kidneys were not removed or isolated, 
but the urine m the bladder at the end of the experiment was entnely 
free of bile pigment Consequently, by determinations of the biliru- 
bin content of the blood and the bile, we obtained information con- 
cerning the amount of bilirubin which was being formed during a 
given period of time There was no intravascular hemolysis, nor 
was there any blood in the peritoneal cavity at autopsy Abnormal 
blood destruction was in this case then not the cause of increased bile 
pigment formation 

Although it has been shown by Rous, Brown and McMaster (20) 
that erroneous impressions of the output of bile pigment may be gamed 
m bile-fistula expenments, when the periods of collection are of short 
duration, we were nevertheless obhged to use short collection periods, 
first, because of the nature of the experiment, and, second, because in 
our other expenments, the changes m bilirubin content in the blood 
had occurred within a relatively short penod of time after anoxemia 
was produced The collections of bile were made in penods of two 
and three hours The amount in a single penod was made up to a 
total of 100 cc with distilled water and the quantity of bilirubin was 
then determined by the van den Bergh test The number of umts 
found m the diluted specimen was divided by the number of hours 
during which the collection was made, giving the number of umts 
of bilirubin per hour The rubber tube leading to the container m 
which the bile was collected was not emptied at the end of each col- 
lection penod It is possible, therefore, that an error was introduced 
through the circumstance that the rubber tube may have contained 
varying amounts of bile at different times This error, if it existed, 
must, however, have been shght 

Autopsy The cystic duct was securely hgated and the passage 
between the common duct and the cannula was patent There was no 
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bile pigment m the unne of the unnaiy bladder There was practi- 
cally no free blood in the peritoneal ca.\ity Histological examination 
of the liver showed slight but definite central necrosis of the liver lobtdes 
Comment Since the blood and unne were entirely free of bilirubin, 
the bile which was collected from the common duct must hat e con- 
tained the total output of this pigment We do not wish to stress the 
actual amounts of bilirubin that were excreted 4 But the presence of 


TABLE « 

Dog 6 Eft cl of anoxema on the rale of formation of bilirubin 
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blood 
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Output 
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hours 

per cent 
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units 


i 

11 40 aan. to 

2 40 p.m 

3 

96 

4 5 

18 7 

0 

Slight operatne shock 
\ enous blood was 56 per 
cent saturated with 



i 

1 




oxygen 

2 

2 40 pan. to 

3 

73 

4 06 

11 3 

0 

Condition of animal ira 


5 40 pan. 






proving 

3 

| 

5 40 pan to 

7 40 pan 

, 

2 

73 

3 75 

17 0 

0 

Animal in excellent con- 
dition. Required mor- 
phia gram i 

4 

4 40 pan ro | 
9.35 pan 

2 

? 

3 15 

19 0 

0 

No gas analysis made 
This is a probable figure 

5 

9 35 pm. to 
11 30 pjn. 

2 

? ; 

1 5 

7 0 

I 

0 

1 

No gas analysis made 
This is a probable figure 


* McAIaster, Broun, and Rous (1923) hate found that, m dogs with norma] 
hemoglobin content, the maximum output of bilirubin was 11 mg per trio of dog 
m 24 hours If our own figures are translated into corresponding terms, they 
are for the respectit e periods 26 4, 16 0, 23 8, 26 5 and 9 8 mg per kilo in 24 hours. 
Although the conditions differed in the two sets of experiments, we are still unable 
adequately to account for the greater Meld which we obtained Because of this 
discrepancy , we hat e hesitated to report this experiment, and to draw conclusions 
from it which may not be justified, namely that anoxemia may depress the forma- 
tion of bfle pigment. Unfortunateh , owing to certain circumstances, we were 
unable to repeat the experiment, and we hat e described it because it does seem 
to explain why the bilirubin content of the blood diminished in experiment 4 et en 
though there was etery reason to belies e that the liter injury was increasing 
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anoxemia did not serve to increase the formation of bilirubin Indeed, 
the amount of bilirubin obtained during the periods of anoxemia was 
always less than that obtained when the blood was normally saturated 
with oxygen The diminution in bilirubin output was particularly 
stnkmgm Period 5 when the output fell to about one- third the amount 
of the preceding penod 

SUMMARY AND DISCUSSION OF EXPERIMENTS ON THE EFFECT OF 

ANOXEMIA 

We may now bring together the various findings that have been 
observed in these experiments It has been demonstrated that when 
the liver of a dog has been injured by the administration of carbon- 
tetrachlonde, anoxemia, whether of the anoxic or of the stagnant type, 
is followed by definite and sometimes striking increase m the bilirubin 
content of the blood It has also been shown that severe anoxemia, 
of several hours duration, fails to bnng about this result if the hver 
has not been previously injured Finally, it has been shown that 
the accumulation of bihrubm in the blood is not due to depression of 
renal function, or to increased formation of bihrubm We draw the 
conclusion therefore that in our experiments anoxemia affected the 
hver in such a way that bihrubinemia appeared, or if it was already 
present, was exaggerated The evidence that we possess at the pres- 
ent time indicates that the sole function of the hepatic cell, so far as 
bihrubm is concerned, is to excrete this pigment We can, therefore, 
go further and state that the mechanism by which anoxemia causes 
bihrubinemia to develop under the conditions of our experiments 
serves to impair the capacity of the hepatic cell to excrete bilirubin 

There are two observations that need further comment In the 
experiment on dog 4 (table 4), the bihrubm content of the blood 
reached a maximum of 2 8 units during anoxemia Two hours later, 
immediately after the animal expired, the bihrubm concentration of 
the blood had diminished to 1 56 units The decrease could hardly 
have been due to improvement in the excretory ability of the hver 
cells, since the degree of anoxemia was more severe than it had been 
when the bihrubm content of the blood was 2 8 units If the function 
of the hver were the only factor concerned the amount of bihrubm 
m the blood should have continued to increase The solution of this 
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difficult} is apparent!} supplied b} the results obtained in the experi- 
ments on dog 6 (table 6) Here it was found in period 5 that after 
sex ere anoxemia the formation of bilirubin was sharply diminished 
Whether the decreased output of bilirubin during this period was due 
to dim inis hed breakdown of blood pigment, an accepted source of bile 
pigment, or whether it was due to functional impairment of the 
agency which transforms blood pigment into bile pigment, we do not 
know At an} rate, anoxemia seems to bring about two mutually 
antagonistic effects 1, depression of the ability of the liver cell to 
excrete bilirubin, this factor tending to increase the bilirubin content 
of the blood, 2, depression of bilirubin formation (of significance, prob- 
ably, only in the late stages of anoxemia), tending to decrease the 
bilirubin content of the blood The result depends on the balance of 
these effects, and the explanation for the dimin ution of the amount of 
bilirubin m the blood m dog 4 hes, undoubtedly, in the fact that the 
second effect predominated at the end of the experiment. 

Another observation of considerable mterest was that concerning 
the influence of anoxemia on the normal hver It will be recalled that 
the experiments on dogs 1 and 6 were made without the administra- 
tion of carbon tetrachloride, so that the fixers of these animals were 
presumably normal at the beginning of the experiments Yet m both 
instances, histological examination of fiver tissue removed immediately 
after death showed shght central necrosis This finding probably 
throws fight on the ongm of the h\ er lesion which results from chrome 
passive congestion Anoxemia of the stagnant type, while it is not 
the only functional disturbance that occurs as a result of myocardial 
insufficiency, is a constant one It seems probable, therefore, that 
anoxemia may not only impair the function of the already damaged hver, 
hut it may actually be responsible, at least in part, for the damage 

Finally, it may be mentioned that in none of the experiments was 
hematin found in the plasma although in sex eral there was either in- 
travascular hemolysis or extravasation of blood into the peritoneal 
caxnty, conditions under xvhich hematinemia has previously been 
found before (Schottmtiller 1914) 
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DISCUSSION 

It remains to discuss the clinical bearing of the foregoing observa- 
tions, particularly with reference to their relation to jaundice in myo- 
cardial failure This may best be done, perhaps, by enumerating 
the various factors wluch may enter into the causation of jaundice 
under these circumstances 

1 Impairment of liver function We refer specifically to the func- 
tion of the hepatic cell to excrete bilirubin Experimentally, it has 
been shown that the degree of bihrubinemia produced by drugs 
such as carbontetrachlonde (Lamson, et al , 1923), which cause a 
diffiuse lesion in the liver is generally proportional to the seventy of 
the liver injury Clinically, too, we have found that, m general, the 
same relationship is true Patients sufienng from myocardial failure 
who show latent or outspoken jaundice are practically always those 
whose myocardial failure is more or less severe and of long duration. 
Probably m every case of myocardial failure in which jaundice occurs, 
one may find extensive anatomical changes in the liver We believe, 
therefore, that one of the most important and constant factors in the 
production of “cardiac” jaundice is the functional impairment of the 
liver cells, the final result, however, being modified by other influences 
It has been pomted out (Fishberg, 1923), that there are patients with 
mtense congestion of the liver, particularly m cases of heart failure of 
recent origin, in whom the bilirubin content of the blood is not much 
increased, and, on the other hand, there are patients with high blood 
bilirubin values m the blood whose livers are not large enough to be 
palpable It must be emphasized, however, that the size of the liver 
does not necessarily give a correct idea of the anatomical changes 
m the hver or of its functional impairment It is particularly in the 
recent cases of myocardial insufficiency with greatly swollen hvers that 
one may find least hver damage on histological examination Con- 
versely, one may find the most mtense central necrosis of the lobules of 
hvers which, because of severe and long standing congestion and 
consequent necrosis and collapse of the lobules, have become even 
smaller than normal in size 

2 Anoxemia We have seen that, m the experiments, anoxemia 
may depress the function of hvers already damaged to such an extent 
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that the bilirubin content of the blood increases strikingly We have 
also pointed out that pulmonary infarction may produce anoxemia 
m patients with severe myocardial insufficiency It is probably 
through the effect of anoxemia on liver function that jaundice develops, 
or increases m patients such as those whose histones we have given in 
detail m an earlier paper Anoxemia probably depresses liver func- 
tion in any circumstance, and we have obtained evidence to show that 
it may actually be responsible, m part at least, for liver damage in 
chrome passive congestion Anoxemia of short duration, even if 
severe, fails however of itself to cause a sufficiently profound depres- 
sion of liver function to permit the development of jaundice There 
must be, m addition to anoxemia, a certain degree of functional im- 
pairment of the In er, m order that jaundice may follow 

3 Increased destruction of red blood cells Smce Resnik and Rich 
(1926) were unable to obtain conclusive evidence that local extrav- 
asations of blood in patients with severe myocardial failure such as 
one sees after pulmonary infarction caused sudden increase m the bili- 
rubin content of the blood, we cannot accept the view that jaundice 
that develops under these circumstances is caused primarily by the 
absorption of locally formed bilirubin We do not mean to imply, 
however, that increased blood destruction plays no r6Ie in the de\ elop- 
ment of “cardiac” jaundice The evidence that there is increased 
blood destruction and bilirubin formation m myocardial insufficiency 
was fairly well established (Eppinger, 1923) One must conclude, 
therefore, that smce the ability of the liver to excrete bflirubin is 
already impaired in myocardial failure, the degree of bilirubin reten- 
tion m the blood stream must be enhanced by the abnormally large 
amount that the liver must deal with It is posible, perhaps, that the 
bihrubm that is formed locally about an infarct may increase to some 
extent the amount of bihrubm that accumulates m the blood It has 
been our purpose, however, to show that the absorption of bilirubin 
formed locally about an infarct is not the primary cause 

4 Impairment of bilirubin formation We do not know the agency 
which forms bihrubm It is obvious that under different conditions 
bodily functions are earned out at different levels of efficiency, and in 
jaundice one must naturally consider the matter of the bihrubm formed 
under those conditions We hai e seen, m the experiment on dog 4 
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(table 4) that the bilirubin content of the blood may decrease even 
though there is every reason to believe that the liver damage is 
increased, and in the experiment on dog 6 it was found that the 
explanation probably lay m the diminution in the amount of bihru bin 
that was formed Whether this diminution in bilirubin formation was 
-actually due to impairment of the function of the agency which forms 
(bilirubin, we do not know Such a possibility exists, however, and 
although it is rarely of great significance, it must be taken into account 
if every factor concerned with the cause of jaundice in myocardial 
insufficiency is reckoned with We have observed in patients as well 
as m experimental animals a discrepancy m the amount of bilirubin 
actually in the blood and that which we expected to find The fol- 
lowing case is an instance 

A woman with severe myocardial insufficiency and pronounced 
jaundice improved temporarily under the usual therapeutic measures 
Following an attack of acute tonsillitis, she became rapidly worse and 
after several weeks died of progressive myocardial failure Toward 
the end there was generalized infection with streptococcus hemolyticus 
In spite of the fact that myocardial failure was extreme, and the hver 
at necropsy showed extensive necrosis, the bilirubin content of the 
blood was only 0 8 unit a few days before the death of the patient 

5 Impairment of renal function We have not actually investi- 
gated the relation between renal function and the development of 
bihrubinemia It is well known that renal function may be disturbed 
in myocardial failure, and that occasionally the impairment may reach 
a considerable degree (Resnik and Keefer, 1925) It is conceivable 
that this damage may play a r61e in favoring the accumulation of bili- 
rubin in the blood because of the inability of the kidney to excrete it 
properly But, since patients with severe myocardial insufficiency and 
jaundice excrete large amounts of bilirubin, it does not seem probable 
tha t a single factor such as this should play a very important rdlem 
determining the amount of bilirubin m the blood 

6. Mechanical obstruction of the bile passages Eppinger (23) has 
described the occurrence of so-called bile thrombi in the hver of chrome 
passive congestion, and has suggested that these cause a certain degree 
of obstructive jaundice Eppinger admitted, however, (1923) that 
obstructive jaundice caused by bile thrombi could not be the sole, 
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nor e\ en an important factor m bringing about jaundice in myocardial 
failure, smce bile thrombi are found usually only with diffi culty or 
are entirely absent, ei en though jaundice is present 

7 Hcmahncnna Schottmuller (1914), Thormahlen (1918) and 
others have described cases, of extravasation of blood mto the tis- 
sues, including cases of pulmonary infarction, m which jaundice was 
due apparently to the presence of hematm in the blood serum In the 
cases of jaundice following pulmonary infarction that we have 
observed, there has been practically always associated bihrubinuna, 
m two cases, it was shown that the bilirubin content of the blood 
increased markedly at the time jaundice appeared In our cases, 
then, one can account for the dev elopment of jaundice purely by the 
increased bilirubin content of the blood There may be other cases, 
however, in which jaundice is due to hematmemia, the differentiation 
of these cases from those in which bilirubin is the jaundice-producing 
pigment must be made by the van den Bergh test and spectroscopic 
examination of the blood. 

We have discussed m considerable detail the various factors that 
may be at work m the production of jaundice m myocardial insuffi- 
ciency, and m some measure their probable importance We wish par- 
ticularly to stress the conception that anoxemia may be of great signi- 
ficance m these, and undoubtedly in other cases of jaundice We do 
not propose to discuss m detail, at this time, the relation of anoxemia 
to these other instances of jaundice, it will suffice to mention one, 
namely, that occurring in lobar pneumonia This disease is occa- 
sionally associated with conspicuous jaundice, and more frequently 
with latent jaundice (Lepehne, 1921) (Eppinger, 1923) Histological 
examination of the liver m fatal cases usually shows the changes that 
are commonly found in other infectious diseases, namely, cloudy swell- 
ing of the parenchymal cells While it is true that there is increased 
blood destruction m this disease, particularly in the lungs, it is highly 
probable that anoxemia, which is usually present and which often may 
be extreme, plays an important role m reducing the function of the 
liver 

summary 

In a group of animal experiments, it has been demonstrated that 
anoxemia may depress the function of damaged lrv ers to such an extent 
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that bihrabinemm appears Reasons were given for ass umin g that 
pulmonary infarction m patients with myocardial insufficiency pro- 
duces anoxemia, probably severe in some cases, and it was chiefly to 
increased anoxemia that we ascribed the sudden appearance of jaun- 
dice m these patients It was also shown that anoxemia failed to 
produce bilirubmemia when the liver was normal and when anoxemia, 
even though severe, was present for several hours only When 
unmjured livers were however, subjected to anoxemia, histological 
examination showed beginning central necrosis of the lobules The 
suggestion was made, therefore, that not only does anoxemia depress 
the function of the liver, when already damaged, but that anoxemia, 
if it is of sufficient seventy and long standing, may actually cause, 
in part at least, the anatomical changes which one sees m chrome pas- 
sive congestion The vanous factors, and their probable importance 
were discussed, that may play a r 61 e in “cardiac''’ jaundice, particularly 
with reference to that which appears after pulmonary infarction 
Finally, it was pomted out that anoxemia may be of importance m 
causing jaundice that is associated with other diseases, such as lobar 
pneumoma 
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THE NUMBER OF FORMED ELEMENTS IN THE URINARY 
SEDIMENT OF NORMAL INDIVIDUALS* 
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The general methods which for so long have been used in counting 
the cells of the blood are applicable in the enumeration of the formed 
elements of the urrne But m urine as opposed to blood there are 
such wide variations in volume, salt concentration and reaction that 
it is only under certain special conditions that quantitative results 
can be obtained Thus, in order to eliminate the effect of changes m 
volume the urrne must be collected over a measured interval of tune, 
so that the number of formed elements excreted per unit of time may 
be determined Rates of excretion, not concentrations, are essential, 
for otherwise it would be impossible to tell whether a change from, say, 
200 to 100 m the number of cells per cubic centimeter of unne was due 
to a decrease m the number of cells or to an increase in the volume of 
unne Again, certain changes in salt concentration and reaction 
may lead to the partial or complete disappearance of some of the 
formed elements of the urrne In dilute and alkaline urrne red blood 
cells may be so completely lysed that they cannot be counted, and 
hyaline casts dissolve A pronounced decrease in the number of casts 
m the unne of patients with Bnght’s disease may be readily brought 
about by simply increasing the volume of unne by giving water, 
smce the hyaline casts and all casts with a hyaline matrix disappear 
when the unne becomes dilute It has also been noted that a certain 
acidity, the degree of which depends on the salt concentration of the 
unne, is necessary for the preservation of hyaline casts In test 
tube experiments it has been found that the minimal concentration 
of NaCl required to keep suspensions of washed hi aline casts from 


* This work was aided b> the Wellington Gregg Fund for the in\ estigation 
of Bnght’s disease. 
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dissolving increases as the H-ion concentration is decreased These 
more or less qualitative observations are sufficient to indicate that 
rehable counts can be secured only in collections of urine in which a 
certain degree of concentration and acidity is attained 

The particular means adopted to meet the requirements outlined 
above, the mode of urine collection and preservation, and the tech- 
nique used in counting, have already been fully described elsewhere 
(1) In this paper are given the averages and ranges of variation in 
the twelve-hour rates of excretion of casts, red blood cells and of 
white cells and epithelial cells found in urine obtained from normal 
individuals 

The subjects were all working medical students who led a quite 
uniform and physically inactive existence The colie ebons were 
started at about 8 30 in the evening and the whole night unne was 
collected at one voiding twelve hours later when they came to work 


TABLE 1 

The rale of excretion per twelve hours of formed elements tn the urine of normal men 
Averages from 82 counts on 74 individuals 


Casts 

Red blood cells 

White blood and epithelial cells 

1,040 

65,750 

322,500 


in the morning No fluids of any sort were taken after breakfast 
on the preceding day and as a consequence the twelve -hour volume 
was as a rule quite small The average amount was 352 cc The 
average specific gravity was 1 031 

Table 1 gives the average number of casts, red blood cells, and white 
blood and epithelial cells found in 82 exammafaons of 74 individuals 
In table 2 the counts are arranged in order of magnitude 

The average number of casts found in each twelve-hour collecbon 
was 1040 An inspeebon of table 2 shows that casts were found m 45 
of the 74 individuals and were noted as absent in 29 But a consider- 
abon of the method employed makes it quite apparent that neither 
the figures given m those mstances m which casts were discovered 
nor the zeros entered m the remainder can be regarded as having any 
individual quanbtabve significance In the urine of patients with 
Bright's disease in which hundreds of thousands or millions of casts 
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T4BLE 2 


Ranges of variation in llie rates of excretion per lxel-e-hour night period of casts, red blood 
cells and xhitc and epithelial cells tn the urine of apparently healthy men 


Cists 

Red blood cells 

White and epithelial cells 

4,270 

425,000 

1,835,000 

4,230 

422,000 

1,230,000 

4,140 

417,000 

859,000 

3,150 

353,000 

773,000 

2,810 

276,000 

724,000 

2,695 

270,000 

686,000 

2,340 

237,000 

668,000 

2,240 

208,000 

651,000 

2,220 

194,000 

628,000 

2,220 

187,000 

616,000 

2,220 

181,500 

560,000 

2,220 

162,000 

4S0.000 

2,170 

159,000 

471,000 

2,060 

145,000 

456,000 

1,970 

118,000 

438,000 

1,780 

104,000 

408,000 

1,780 

74,000 

395,000 

1,690 

73,000 

372,000 

1,690 

70,000 

364,000 

1,640 

69,800 

360,000 

1,535 

63,400 

359,000 

1,450 

56,400 

350,000 

1,400 

53,000 

349,000 

1,390 

45,500 

345,000 

1,380 

38,500 

322,200 

1,370 

32,200 

315,000 

1,350 

29,800 

300,000 

1,350 

26,500 

272,000 

1,290 

26,100 

271,000 

1,260 

22,200 

265,000 

1,210 

19,400 

259,000 

1,200 

16,100 

259,000 

1,180 

10,100 

244,000 

1,159 

9,860 

239,000 

1,110 

5,060 

233,000 

1,090 

3,100 

228,000 

1,070 

0 

210,000 

1,050 

0 

206,000 

1,050 

0 

203,000 

925 

0 

202,000 

840 

0 

196,000 

704 

0 

182,000 
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TABLE 2 — Continued 


Casts 

Red blood cells 

White and epithelial cells 

676 

0 

174,000 

65S 

0 

172,000 

645 

0 

168,000 

583 

0 

165,000 

580 

0 

163,000 

556 

0 

158,000 

528 

0 

157,000 

0 

0 

147,000 

0 

0 

142,000 

0 

0 

139,000 

0 

0 

130,000 

0 

0 

130,000 

0 

0 

129,000 

0 

0 

126,000 

0 

0 

120,000 

0 

0 

119,000 

0 

0 

116,300 

0 

0 

113,400 

0 

I 0 

111,000 

0 

0 

90,800 

0 

0 

84,000 

0 

0 

80,400 

0 

0 

66,800 

0 


60,600 

0 


56,400 

0 


40,000 

0 


32,400 

0 



0 



0 



0 




are excreted every twelve hours the numerical results are trustworthy, 
but m these normal urines never more than 5 and often only 1 cast 
was seen m any one collection It therefore seems quite likely that 
a more laborious search would have disclosed some casts in most if 
not in all of those specimens which are reported here as containing 
none 1 But though no rehance can be placed on any single figure of 

1 The total ruled area of 9 sq mm m the ordinary type of blood counting 
chamber was counted over from 4 to 10 times with separate drops of sediment 
In the majority of cases 8 drops were used This represents a volume of 0 0072 
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the senes, the average result is probably a close approximation to the 
number of casts excreted by normal individuals when the conditions 
permit the formation and presen ation of these structures 

The range of variation was from none to 4270 casts in twelve hours, 
and though here agam no stress can be laid on the actually observed 
limits, they at least define the order of magnitude m the number of 
casts to be expected m the unne from normal individuals, and I have 
found this estimate of \alue m deter minin g the significance of the 
sediment results m patients in whom some very mm or renal lesion was 
suspected It was of course for this reason that counts were made 
The fact that unne from healthy individuals may contain casts was 
established by Haines and Skinner in 1898 (2) 

The type of cast found was the hyaline \ anety There were only 
three mstances m which a smgle epithelial or granular cast was dis- 
covered The hyahne casts only rarely contained any cell inclusions 
and fat droplets were ne\ er seen 

The average number of red blood cells was 65,700 per twelve-hour 
penod It seems to be generally assumed that the presence of red 
cells in unne is always indicative of some abnormality in the unnary 
tract, but this new is certainly erroneous On the other hand they 
are probably not constant unnary constituents for I have sometimes 
failed to find them m spite of prolonged search in normal individuals 
m whose unne they had previously been present They were dis- 
covered m 40 of the 64 examinations made, and might very well have 
been found m a larger percentage if more time had been spent m search- 
ing for them Howe\ er the mam interest lay in the determination of 
the range of vanation This was found to extend from none to 
425,000 per twelve-hour penod, a fact of special importance m the 
diagnosis of the latent stage of haemorrhagic nephntis It is clear 
from the above figures that it is only when the red blood cells are 
excreted at a rate of a million or more m each twelve hour penod 
that they can be regarded as significant However it should be 
remembered that without some expenence and a good deal of care 

cc The sediment was concentrated b> centrifuging from a 10 cc sample of the 
mixed unne to a v olume which vaned from 0 1 to 0.3 cc. but usual]) 0.2 cc. With 
a count through 0 0072 cc from a sediment of 0 2 cc and a unne \ olume of 352 cc , 
the fraction of the total unne actually examined represents onl) 1 part in 972 
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one is apt to pass over many of the forms which red blood cells may 
assume in urine Particularly m the urine of patients they may be 
fragmented or almost wholly lysed, so that only faint shadows remain 
which are easy to miss 

The average number of white blood cells and of small round epi- 
thelial cells m the twelve hour out-put of urine was 322,500 and the 
range of variation lay between 1,835,000 and 32,400 Both white 
blood and epithelial cells were counted together because it was fre- 
quently impossible to decide to which of these two classes a given cell 
belonged Of course, from the standpoint of renal diagnosis, what is 
really wanted is a method by which those cells which come from the 
kidney can be distinguished from all others A great many stains 
were tried but without success and m the end it was concluded that 
size was the only criterion The large cells from the surface layers of 
the mucous membrane of the urinary tract were not included and the 
medium sized cells which originate from deeper layers were passed 
over when it was considered that their diameter was greater than 
that which could well be attained by even a swollen renal cell This 
is admittedly a vague method of differentiation and one under which 
a number of cells from the prostate and other glands of the urinary 
tract are included The wide range of variation in the counts is 
indeed m all probability to be accounted for largely by the inclusion 
of latent cases of prostatitis and urethritis In practise however 
it has not proved an unsatisfactory standard because the number of 
white blood and epithelial cells found m the urine of patients in whom 
an active renal lesion exists is great enough to far surpass our upper 
limits of normality 


CONCLUSIONS 

The rate of excretion of casts, red blood cells, and white blood and 
epithelial cells was determined m 74 medical students under conditions 
favorable to the preservation of these urinary constituents The 
following results were obtained 
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Rale of excretion per txeh e-hour period 



Average 

Lowest 

Highest 

Casts 

RSI 

0 

4,270 

Red blood cells 


0 

425,000 

White blood and epithelial cells 

■ ■ 

32,400 

1,835,000 
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one is apt to pass over many of the forms which red blood cells may 
assume in. urine Particularly m the urine of patients they may be 
fragmented or almost wholly lysed, so that only faint shadows remam 
which are easy to miss 

The average number of white blood cells and of small round epi- 
thelial cells in the twelve hour out-put of unne was 322,500 and the 
range of variation lay between 1,835,000 and 32,400 Both white 
blood and epithelial cells were counted together because it was fre- 
quently impossible to decide to which of these two classes a given cell 
belonged Of course, from the standpoint of renal diagnosis, what is 
really wanted is a method by which those cells which come from the 
kidney can be distinguished from all others A great many stams 
were tried but without success and in the end it was concluded that 
size was the only criterion The large cells from the surface layers of 
the mucous membrane of the urinary tract were not included and the 
medium sized cells which originate from deeper layers were passed 
over when it was considered that their diameter was greater than 
that which could well be attamed by even a swollen renal cell This 
is admittedly a vague method of differentiation and one under which 
a number of cells from the prostate and other glands of the urrnary 
tract are included The wide range of variation in the counts is 
indeed in all probability to be accounted for largely by the inclusion 
of latent cases of prostatitis and urethritis In practise however 
it has not proved an unsatisfactory standard because the number of 
white blood and epithelial cells found m the urine of patients m whom 
an active renal lesion exists is great enough to far surpass our upper 
limits of normality 


CONCLUSIONS 

The rate of excretion of casts, red blood cells, and white blood and 
epithelial cells was determined in 74 medical students under conditions 
favorable to the preservation of these urinary constituents The 
following results were obtained 



THE EFFECT OF SOME PHYSIOLOGICAL VARIABLES ON 
THE NUMBER OF CASTS, RED BLOOD CELLS AND 
WHITE BLOOD CELLS AND EPITHELIAL CELLS IN THE 
URINE OF NORMAL INDIVIDUALS* 

B\ T ADDIS 

(From the Medical Department of Stamford Unvcersily Medical Scnool, San Francisco ) 
(Recen ed for publication March 8, 1926) 

In the course of clinical work with patients suffering from Bright's 
disease certain questions constantly present themselves which as 
constantly are left unanswered except by practical decisions of an 
almost completely arbitrary nature For mstance, how long should 
a patient be kept m bed when the initial stage of haemorrhagic 
Bright's disease has passed, when the edema has gone and the 
blood pressure has returned to its usual level? Certainly until ex- 
aminations of the unnary sediment indicate a subsidence m the 
first mtensity of the inflammatory process m the kidney, but also 
quite certainly not until all signs of inflammation have disappeared, 
since the latent stage of the disease extends over months or years or 
decades and during all this time the urine indicates the continuance 
of an active renal inflammation If a pronounced increase in the 
number of casts, red blood cells and white blood cells and epithelial 
cells were observed after the patient was first out of bed, we might 
feel fairly certain that further rest was necessary, but it is impossible 
to interpret the significance of a moderate or slight increase We 
know nothing about the response of the normal kidney to like con- 
ditions It may be that some degree of increase in casts and red 
blood cells is the natural reaction of the kidney to the shght jars and 
jolts which it recenes with every movement of the body Again in 
the treatment of the actively inflamm atory types of Bright ’s disease 
it has for long been the custom to reduce the quantity of protem in, 

*This work was aided b> the Wellington G-egg Fund for the in e,tiga ion 
of B right's Disease 
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differences observed might well have been the result of chance and 
we must conclude that no appreciable difference has been shown to 
exist between the day and mght sediments 

rr EFFECT OF VIBRATION 

Since the ordinary day time activities were without effect, another 
experiment was earned through in which a more directly traumatic 
influence on the kidney was introduced The subjects sat on a chair 

TABLE 2 


The effect of shaking on a vibrating chair 
A\ erages from a group of 9 individua l s 


Casts 

Red blood cells 

White and epithelial cells 

per 12 heron 

per 12 boon 

per 12 harm 

No linking 

Sinking 

No iha.br. g 

Shaking 

No shaking 

Stating 

582 

378 

70,700 

212,100 

313,000 

5S7.000 


TABLE 3 

The rate of red blood cell excretion jnthoul and icith shaking 


Name 

No shaking 
per 12 hours 

Shaking 
per 12 hours 

B 

87,000 

291,000 

H. 

120,000 

144,900 

w 

27,000 

202,800 

M 

44,400 

291,000 

McB 

0 

56,400 

A. 

0 

0 

S 

237,900 

55S,000 

G 

66,000 

30,000 

N 

54,000 

336,000 


which rested on steel springs and which was shaken by a motor In 
this manner strong vibrating movements were transmitted to them 
not unlike those experienced m nding on a motor-bicycle Half an 
hour was as much as could be tolerated without too much discom- 
fort Collections of unne were made from 8 30 an to 12 30 p.m 
after abstention from fluids during the preceding day The shakin g 
extended from 8 30 an to 9 00 a m The average results expressed 
as 12-hour rates are given in table 2 
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the food to a minimum, because the work of the kidney is thereby 
lessened and rest has been found efficacious m the treatment of in- 
flammation in general However there are special reasons for hesi- 
tancy m accepting conclusions drawn by analogy from observations 
on other organs as necessarily true for the kidney, and in actual fact 
the effects of protein on the kidney are still the subject of experiment 
and disagreement Direct evidence might be obtamed by observ- 
ing the effect of large amounts of protein on the urinary sediment of 
patients with Bright’s disease but a prerequisite is a knowledge of 
the changes which may thus be produced in the urine of normal in- 
dividuals An attempt was therefore made to estimate the influence 
on the urmary sediment of medical students of certain types of bodily 
movement and also to obtain a measure of the effect of the adminis- 
tration of a large quantity of protein 

TABLE 1 

The rate of excretion of formed elements during the day compared with the rate of excretion 

during the night 

Averages from a group of 18 individuals 


Casts 

Red blood cells 
per 12 hours 

White and epithelial cells 
per 12 hours 

Day 

Night 

Day 

Night 

Day 

Night 

852 

827 

48,900 

65,600 

434,000 

259,000 


I DAY AND NIGHT URINES 

A group of 18 students collected unne from 8 30 p m to 8 30 a m 
(night unne) and from 8 30 am to 12 30 pm (day unne) In both 
cases the results are expressed as 12-hour rates No fluids were taken 
for 24 hours so that the unne might be concentrated The night 
unne had an average volume of 382 cc with a specific gravity of 1 029 
It is of interest that the day volume, though secreted during the last 
4 hours of the penod of abstention from fluids, had a larger volume 
— 522 cc per 12-hour penod with a specific gravity of 1 029 The 
average counts are given in table 1 
On account of the great vanabihty in the rates of excretion of the 
vanous formed elements of the unne the difference between group 
averages must be large to be significant In this instance the actual 
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A simple inspection of table 5 is enough to indicate that there is no 
proof that the meat nas the cause of the observed increase m the 
a\ erage rate of red blood cell excretion, for that increase is accounted 
for in the mam by an unusually large excretion in a single individual 
This impression is confirmed by statistical analysis The “probable 
difference between the aterages” is 205,000 while the actually 
observed difference is only 120,000 


TABLE S 

The rale of red blood cell excretion jr.tkoul and tctlh meal 


Name 

Jso meat 
per 12 hours 

per 12 hoars 

a 

7,300 

0 

G 

0 

0 

w 

1,500 

0 

B 1 

0 

0 

B 2 

0 

61,000 

B 3 

0 

34,000 

D 

2,600 

0 

M 

182,000 

442,000 

Be. 

0 

0 

Da. 

0 

510,000 

Gr 

4,200 

1,190,000 

Bu. 

276,000 

27,200 

Bur 

0 

0 

a 

0 

119,000 

S 

20S,000 

63,200 

Ga 

56,400 

272,000 

N 

22,300 

89,000 


CONCLUSION 

Quantitative determinations of the number of formed elements 
m the urine of normal individuals failed to show that either bodily 
movements of various types or the ingestion of a large amount of 
protem m the form of meat had any statistically significant effect 
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The greatest difference is a threefold increase m the number of red 
blood cells after shaking The individual counts (table 3) show a 
fairly well distributed increase after shaking and at first glance it 
would seem that a quite definite effect had been produced But the 
"probable difference between the averages” of the two senes is not 
much less than the actual difference, and this result might therefore 
be a chance It may accordingly be concluded that vibration did 
not lead to a significant increase in any of the formed elements in the 
unne 

nr THE EFFECT OF THE ADMINISTRATION OF A LARGE AMOUNT 

OF MEAT 

A group of 25 students took 1§ pounds of steak at 6 30 p m and 
collected unne from 8 30 pm until 8 30 am No fluids were taken 

TABLE 4 

The effect of the administration of a large amount of meal 
Averages from a group of 25 individuals 


Casts 

Red blood cells 

White and epithelial cells 

per 12 hours 

per 12 hours 

per 12 hours 

No meat 

Meat 

No meat 

Meat 

No meat 

Meat 

1,078 

681 

45,000 

165,000 

309,000 

244,000 


after 12 30 p m of the day preceding the completion of the collection 
The average results are compared with the control tests m table 4 
In the control experiments the average volume was 378 cc with a 
specific gravity of 1 030 After meat the volume was 479 cc with 
a specific gravity of 1 033 

The only difference which might possibly have a meaning is the 
mcrease in the number of red blood cells after eating the meat Un- 
fortunately, however, the red blood cells could be counted in only 
17 of the 25 observations after meat, because in the remainder there 
was a deposit of phosphates in the unne Instead of making the 
unne more acid, as might have been expected, the ingestion of the 
meat was followed m these mstances by the secretion of an alkaline 
unne The fact that meat often causes the unne to become alkaline 
has already been noted by Lutz (1) The individual data in these 
17 compansons are given m table 5 













MEASUREMENTS ON THE SKIN CAPILLARIES IN CASES OF 
POLYCYTHEMIA VERA AND THE ROLE OF THESE 
CAPILLARIES IN THE PRODUCTION OF ERYTHROSIS 

GEORGE E BROWN and CHARLES S HEARD 

{From the Division of Medicine and Section on Physics, Mayo Clinic and The Mayo 
Foundation, Rochester, Minnesota) 

(Received for publication March 8, 1926) 

INTRODUCTION 

One of the outstanding features of polycythemia vera is the color 
of the skin Clinical descriptions employ the terms brick red, con- 
gestive faaes, cyanosis and erythrosis Vaquez, who reported the 
first observed case of this disease, noted cyanosis as the prevailing 
tint Osier thought that the color change was not that of cyanosis 
but congestion or redness Since the microscopic investigation of the 
skin capillaries has shown definite and measurable variation of these 
vessels in this disease, it seemed to us that a quantitativ e analysis of 
the blood and vascular factors would add much to an adequate under- 
standing of the color changes, and herewith report the results of such 
analysis 

The color of the skin m cases of polycythemia % era is predominately 
red but subject to marked variations The redness affects largely 
the facial and acral regions, the hands to the glove line, and the face 
and neck to the decollete margin The feet are usually less red than 
the hands The mucous membranes appear cyanotic when the skin 
is definitely red Cyanosis has not been observed in the conjunctiva, 
this tissue has a bright red, or an injected or inflamed appearance 
On the trunk and proximal portions of the extremities color changes 
are much less than on the more distal and facial areas The skin ov er 
the trunk and back may hav e the mild flushed appearance of a scar- 
latmiform rash 

Clinical descriptions of the color of the skin in our cases by various 
co-workers were “markedlj red,” “bnck red,” "reddish ejanosis,” and 
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The amount of the oxygen unsaturation of the capillar} blood deter- 
mines the presence of cxanosis Lundsgaard and Van Sl}ke haxe 
shown that a normal range of \enous ox}gen unsaturation in a patient 
xuth pohcjthemia xera is 5 to 6 6 per cent bj x olume Cxanosis 
becomes xrsible in the skin when the mean ox}gen unsaturation of the 
capillar} blood is in excess of 6 per cent b} \ olume The} attnbute 
the marked tendency toward cyanosis to two conditions the in- 
creased content of hemoglobin, which magnifies the existing oxxgen 
unsaturation , and the abnormal condition of the capillaries as relating 
to changes in number and width The rate of capillan flow is 
probabh an important factor 

The part plajed b} the superficial xenules in producing the color 
of the skin is not know n Goldschmidt and Light hax e shown a type 
of exanosis, not related to ox}gen unsaturation and probablx due to 
increased peripheral x enous pressure 1 This form of cx anosis is 
obsened with the hand m the pendent position and is rehexed b} 
elexatinn 

METHODS OF IXA'ESTIGATIOX 

Studies were earned out to determine (1) the axerage number of 
capillar} loops for each square millimeter ot skin in normal persons 
and in patients with polycythemia xera, (2) the relationship of the 
number and area of open capillanes to the total blood and hemo- 
globin x olumes, and (3) the ratio of the total area of exposed capillan 
blood to each square millimeter of skin surface 

Tixe patients presenting the typical clinical syndrome of poh- 
c}themia xera were obsened The spleen and fixer were enlarged m 
all The blood x olume, number of er}throcytes and percentage of 
hemoglobin showed the large increases typical of this disease 

The total circulating cell, plasma and hemoglobin x olumes were 
determmed b\ the dye method, according to the technic described b} 
Keith, Rowntree, and Geraght}, except that Congo-red instead of 
xital red d}e was emplo}ed The total circulating hemoglobin x\as 
determined b} multiplying the total circulating blood x olume b} the 
grams percentage of hemoglobin The hemoglobin w as determined b} 

M\c ha\c obtained increased values for owgen unsaturation of the arterial 
blood in one case 


the join^a or clinic \l in\ tsriaATiox ii vo o 
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“markedly cyanotic ” Observation of the color by different or by 
the same observers have shown variations during the same, and on 
different, days Redness is common durwg the warmer months, and 
cyanosis during the colder months In the cool period of early 
morning, cyanosis is more marked, and at mid-day, less marked 
Age and sex seems to play a part Younger persons are less cyanosed 
than older ones, and it seemed as if females were less cyanotic than 
males In brief, the color of the skin in cases of polycythemia vera 
in the acral and facial areas, is that of erythrosis, with a marked 
tendency toward cyanosis 

COMPONENTS OF SKIN COLOR 

The color of the normal Caucasian skua is a complex composite of 
several factors, and subject to many variations incident to environ- 
mental, psychic, and postural influences In attempting to differenti- 
ate the various components the following are the most important data 

The major factor is the blood content of the vessels of the skin, 
which is affected by the following variable factors (1) the absolute 
amount of circulating cells and hemoglobin, and (2) area of exposure 
of the capillary blood, which depends on the number of open capil- 
laries for each unit of surface area and the area of the exposed portion 
of the capillary loops, the minor factors are (1) the thickness and 
pigment content of the epidermis, (2) the color of the plasma, as in 
jaundice, (3) variations in the oxygen unsaturation of the capillary 
blood, and (4) color effects of the superficial venules 

For estimating the relative importance of the major and minor 
factors, very little information is available other than that from the 
blood There is no available information on the capillaries, and the 
thickness and color values of the epidermis, the latter of which may 
become of major importance, as m Addison’s disease Pigmentation 
is not an outstanding features of polycythemia vera, although the 
effect of weather exposure with tanning undoubtedly is of some im- 
portance in determining the areas of greatest erythrosis 

Quantitative estimations of the color of the plasma can be obtained 
by deter min ing the bilirubin content of the blood serum When this 
substance has a concentration of about 5 mg or more for each 100 cc 
of plasma, jaundice is recognisable in the tissues 
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TABLE I 


Measurements of the capillaries of the skin in cases of pol\c\thcmia sera and of controls * 


La c 

•V 

Sex 

Clinical diagnosis 

Region examined 

Average 
area of i 
blood visi 
ble in 
capillary t 

sq mm 

Number of 
capillaries 
visible in 
cadi square 
millimeter 

Ratio of 
area of 
cspillary 
blood 
exposure 
unit (1 sq 
mm ) 
slcm era, 
percent 




( 

Nail fold 

0 003S 


17 0 

i 


M 

Polv cvthemia vera •[ 

First joint 

0 0007 


5 6 




1 

Second joint 

0 0020 


11 2 




Pol} cvthemia v era mild f 

Nad fold 

0 0033 

52 

17 2 

2 


M 

essential hvpe tension v 

First jomt 

0 ooos 

85 

6 S 




l 

Second joint 

0 0044 

46 

20 2 




Pol} cvthemia vera, 

Nad fold 

0 0041 

40 

16 4 

3 

5S 

31 

sei ere hvpertension 

First joint 

0 0021 

70 

14 7 




. 

Second joint 

0 0030 

65 

19 5 




[ 

Nail-fold 

0 0036 

42 

15 1 

4 

37 

r 

Polv cvthemia vera 1 

First joint 

0 0013 

65 

S 5 




1 

L 

Second joint 

0 001S 

ss 

15 S 




f 

Nail fold 

0 0052 

3S 

19 S 

5 

32 

M 

Polv cvthemia vera < 

First joint 

0 0012 

10S 

12 9 




( 

Second joint 

0 004S 

50 

24 0 

Average values 


62 

15 0 




1 

Nad fold 

0 00a 1 

25 

7 7 


26 

XI 

Notnal v 

FirA joint 


38 

2 7 




i 

Second joint 

0 OOOS 

50 

4 0 




f 

Nad fold 

0 0021 

42 

8 4 


32 

r 

Normal 1 

First joint 

0 0005 

40 

2 0 




i 

Second joint 

0 0009 

53 

4 8 

\v erage values i 

0 0013 

41 

4 9 


* All data are from the right hand 
t Fi\e to 10 areas averaged in each 


The ratio of the area of the capillary blood exposure to a unit area of 
shin (1 sq mm) was calculated 

\ slight error exists m this type of mxestigation, because of the 
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the acid hematm method, using the permanent standard of Haden 2 
The nail-fold capillaries were examined by the Lombard method 
The technical details ha\e been described in former papers In- 
stantaneous photomicrographs (Sheard’s technic) of the capillaries, 
the nail-fold vessels and shin over first and second joints were made 
(figs 1 and 2) The films were projected on a screen and a total 
magnification of 750 diameters was obtained The irregular areas, 



Fig 1 Tig 2 

Fig 1 Photomicrograph or Skin Capillaries at the Nail-fold in a Young 

Normal Subject 3 

Note the collecting venules and capillary bed ( X 25) Time of exposure one- 
tenth second 


Fig 2 Photomicrograph of Capillary Pops in the Skin in the First Joint 
in the Same Person as in Figure 1 ( x 25) 

Time of exposure one-eighth second 

representing the capillary areas or exposed capillary blood, were traced 
on paper and the dimensions obtained by the use of a plammeter 
The total area of the exposed capillary blood was computed by 
obtaining the average of ten such areas and multiplying by the average 
number of open capillaries for each square millimeter of skin area 

2 Fifteen and six-tenths grams of hemoglobin for each 100 cc of blood was taken 
as the normal, 100 per cent 

3 All photomicrographs reproduced in this paper arc made from the original 
untouched negatives, 
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anj marked a anation in the number of capillaries in the same subject 
The conditions of the examination were quite comparable 
An ax erage of 41 loops (range 25 to 53) for each unit area of skin 
uas found m the normal subjects (table 1) The a\erage area of the 
capillar} summit, or the area of exposed capillar} blood, in the patients 


TABLE 3 

The effect of the reduction of the blood on the area and number of capillaries m cases of 

polycythemia r era 




Hemoglobin 


c 


>1 
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jg S 
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Sf 

G -'a 

"w ° 

_S £ 

c ? 

■5|! = 

U 
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Vail fold 

0 0036 

42 

15 1 


6 29 25 




1,490 

First joint 

0 0013 

65 

8 5 


19 0 

125 

Second joint 

0 0018 


15 S 






l 

A\ erage 

0 0023 


13 1 





[ 

Vad-fold 

0 002S 

1 

8 4 


7 11 25 

S 7 

57 

m 

3 SO 

Fust joint 
Second joint 

0 0012 

0 0018 

, ’ ■ 

3 1 

S 3 






t 

Ac erage 

0 0019 

30 

6 6 

f 





f 

Vail fold 

0 0041 

40 

16 4 

l 

4 2S 25 

23 4 

153 


1 

First joint 

0 0021 

70 

14 7 

1 

2,590 

Second joint 

0 0030 

65 

19 5 






l 

\\ erage 

0 0031 

65 

16 8 






f 

Vail fold 

0 0024 

32 

7 7 


5 20, 25 

9 5 

62 


1 

630 ! 

First joint 
Second joint 

0 0009 

0 0012 

45 

36 

4 1 

4 3 







Ac erage 

0 0015 

37 

5 3 


with pol} c} themia a era x\ as 0 0028 sq mm This is more than tv ice 
the area (0 0013) found in the normal subjects 

The ratio of the total area of exposure of the capillar} blood to each 
square millimeter of skin surface axeraged 15 per cent m the cases ol 
pohc}themia a era (table 1) This is three times greater than for 
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shifting of the number of open capillaries m the shin and irregularities 
in the areas measured A senes of comparatnc photomicrographs of 
the same area taken cncr a short period of time under controlled con- 
ditions showed only a slight \anation in the number of open vessels 
There are also a number of capillary loops in the deeper layer of the 
epidermis which are not \isable but probably play a part in determin- 
ing the color of the shin The \ enules likewise contribute to the color, 
but we could not convince oursehes just how important they are 


TABLE 2 

Blood and capillaries in cases of pnl\c\lhcntia vera 
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61 

15 
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3 
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62 
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98 

19 
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4 
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48 
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65 

14 
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5 
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5,300 

52 
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60 

17 
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4 50 
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800 


■ 
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v alues 


* Per cent 

t Calculated for a person with body w eight of 60 kg 


On the microscopic examination of the skin of many patients the color 
between capillaries is very light, whereas that of patients with other 
diseases, especially polycythemia vera, shows a pinkish tint in the 
deeper layers There is no doubt, however, that the greatest amount 
of color is contributed by the capillary blood 

The mtensity of the cyanosis varied according to the environ- 
mental temperature The average number of open capillaries in 
cases of polycythemia vera varied from 38 to 108 for each unit area 
of skin, averaging 62 (table 1) We were not able to demonstrate 
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normal subjects (4 9 per cent) The area of greatest capillar} blood 
exposure was found in the nail-folds and the shin near the second joint 
There is no constant relationship or parallelism between the degree 
of increased xolume of the blood and the number of open capillaries 
(table 2) The relationship was fairly constant between the area of 
exposed capillan blood and the blood and hemoglobin \olume In 
Case 3 is shown the greatest increase in the xolume of the blood per 



Fig 7 Fig S 

Fig 7 Photomicrograph of the Capillary Tops in Case of Polycythemia 
\ era, Skin Area in Region of First Joint, before Treatment y 25 
Time of exposure one-tenth second 

Fig S Photomicrograph of the Capillary Tops in Case of Polycythemm 
\era, Same Skin Area and Syme Tinger as ln Figure 7, after 
Treatment x 25 
Time of exposure one eighth second 

kilogram and hemoglobin with the greatest number of open capillaries 
and the greatest ratio of capillan blood exposure to each square 
millimeter of shin 

The capillary and blood factors before and after reduction of the 
blood xolume bx treatment with phenjlhxdrazin haxe been studied 
(figs 3, 4, 5, 6, 7 and 8) In Case 4 (table 3), the ratio of the total 
area of exposed capillary blood to each square millimeter of shin was 
13 1 per cent and the axerage area of xisible capillar} blood in each 
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Fig 3 Fig 4 

Fjg 3 Sketch of Beood Areas in Capillar\ Tops in a Case of Polycythemia 
\ era, First Joint, bffore Treatment X 750 (Reduced 3) 

Fig 4 Sketch of Blood Areas in Capillary Tops in the Same Region of 
the Skin as in Figure 3, after Treatment x 750 (Reduced l ) 



Fig 5 Fig 6 

Fig 5 Photomicrograph of the Skin Capillaries at the Nail-fold in 
Case of Polycythemia Vera, before Treatment X 25 
Time of exposure one-tenth second 

Fig 6 Photomicrograph of the Skin Capillaries at the Nailfold in Case 
of Polycythemia Vera, Same Skin Region and Same Finger as in 
TiGURE 5, AFTER TREATMENT X 25 
Time of exposure one-tenth second 
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The increase la the capillary measurements exceeds the increase in 
the blood elements, thus the capillary factors in the production of 
erythrosis are apparently the most important, although them \ana- 
tions are of course dependent on the augmentation of the blood 
i olume 

The response of the capillaries to the reduction m the cell v olume 
following treatment varied somewhat in the two cases studied In 
both, the greatest change occurred in the number of open capillaries, 
which was reduced about 50 per cent 

It is difficult to determine the importance of the "venules in the 
production of erythrosis m cases of polycythemia v era These v essels 
are not clearly visable but contribute somewhat to the color of the 
shin as the tissue has a pinkish tinge between the capillary loops 
The superficial venules of the cheek and nose are dilated m a few 
patients, especially those subject to exposure to the wind and sun 
The areas of venous dilatation show cyanosis to a marked degree, as 
would be expected 


SUMMARY 

The large increase in the circulating volume of erythrocytes m 
cases of polycythemia \era produces distention of the blood vessels, 
the venous vessels assuming the larger portion of this increase The 
capillaries of the skin become distended, more markedly in then v enous 
portion, and additional capillaries are formed These changes have 
been studied quantitativ ely by photomicrographic methods, and com- 
pared to similar data obtained from normal subjects The ratio of 
the total area of visible capillary blood to a umt area of skin is de- 
termined and found to be definitely increased The demonstrable 
increase m the size and number of the capillaries exceeds the changes 
in the blood There is a gradual decrease m the size and number of 
capillaries with reduction of the cell volume 
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loop was 0 0023 sq mm 'J he axerage number of loops x\ as sixty-fixe 
for eacli square millimeter of skin area The blood xolumewas 
reduced to 4,380 cc and circulating hemoglobin to 380 grams The 
ratio of the area of the exposed capillary blood to a unit area of skin 
diminished to 6 6 per cent and the axerage number of loops to thirty, 
while the average area of the visible capillary blood diminished to 
0 0019 sq mm In Case 5 (table 3) the blood volume was reduced by 
treatment The ratio of the total area of the exposed capillary' 
blood to unit area of skin decreased from 16 S to 5 3 per cent The 
number of loops and the average area of the visible capillary in each 
loop decreased one-half 


DISCUSSION 

1 he color of the skin m eases of pol} cythemia x era is due largely to 
one primary factor, the large increase m the circulating cells and 
hemoglobin, and two modifying factors, the number of capillaries for 
each unit area of skin and the area of capillary blood exposed m each 
capillary The circulating cell xmlumc, according to the dye method, is 
increased approximately 75 to 100 per cent aboxe the average normal 
As a result of the large increase m the blood xolume the capillary bed 
of the skin assumes a storage function As has been shown, this 
involves chiefly the xmnous segment, xvlnch portion extends well over 
on the artenal side of the loop Proximal to the nail-fold area the 
skin capillaries are arranged at right angles to the skin surface, so 
that only the summits or crests of the loops are xusible but this portion 
is distended and its area is measurably enlarged The area of the 
capillary crest was approximately double that in normal subjects 

Further accommodation for the increase in blood xmlume is made by 
an increase in the number of open capillaries Our data show an 
average of sixty-two loops for each square millimeter of skin area in 
cases of polycythemia vera, as compared to forty-one in normal sub- 
jects, an mcrease of 50 per cent The ratio of the area of exposure of 
capillary blood to each square millimeter of skin was found to be three 
times greater than in normal skin These data indicate that capillary 
distention is more important than numerical increase in the number 
of loops, this is further emphasized by the effect of blood reduction 
on the size and number of capillary loops 



CARDIAC OUTPUT IN PNEUMONIA IN THE DOG 
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INTRODUCTION 

The condition of the circulation of patients suffering from pneu- 
monia is always of definite concern to the physician An attempt is 
commonly made to discoi er the onset of signs of cardiac failure, and 
to evaluate the degree of failure when these signs appear, as circula- 
tory failure is an important factor leading to a fatal outcome m many 
cases of pneumoma The mechanism of cardiac failure in pneumoma, 
however, is not well understood, and no satisfactory explanation has 
been offered for the relation of disturbance of the circulation to the 
pulmonary lesions or to the effects of the organisms responsible for 
the disease Doubt has been cast on the assumption that failure of 
the heart is the result of the direct action of the toxins of the infect- 
ing organism on the myocardium Newburgh and Porter (1) found 
that strips of muscle from the cardiac \ entncles of dogs dying of 
pneumonia contracted as well as similar strips from normal dogs 
when both were perfused with normal blood When “pneumonic 
blood” was used as a perfusate the heart muscle of pneumomc dogs 
contracted better than the muscle of normal dogs These results 
led Newburgh and Porter to assume the existence m pneumomc blood 
of a toxin to which the animals dying of the disease had become rela- 
tn ely immune 

From a renew of the literature and from their own studies Cohn 
and Jamieson (2) concluded that significant alterations in the heart 
muscle are not generally found in pneumoma 

The question of the effect of the pulmonary lesion on the circulation 
has received but scant attention On general principles it is evident 
that if the functional efficiency of the lungs is lowered so that the 
blood is supplied with less than its normal quota of oxy T gen in its 
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2 Post-operalrv pneumonia The cardiac output was studied m nine dogs in 
which pneumonia developed following various operations — most frequently after 
thoracotomies 

3 Induced pneumonia Intrabronchial injection of pneumococa or Fned- 
lander bacilli was done in thirteen dogs 

In the animals of the first two groups control studies were not available, while 
in the third group the cardiac output was measured before and after the injec- 
tion of organisms Difficulty was encountered m the study of the third group 
in the regulation of the dosage of the organi s ms injected, as dosage was either so 
large as to kill the animal in a few hours, or so small as to produce no appreciable 
effect. Of thirteen dogs inoculated onlj sis lived long enough to develop clin- 
ical evidence of pneumonia 'When the dose was small the animals appeared to 
recover very rapidly W ith large doses death occurred apparently from an over- 
whelming infection, without the characteristic picture of pneumonia. From our 
results we conclude that only one of the dogs with induced pneumonia had the 
disease long enough to develop a picture simulating the more chronic pneumonia 
of the other groups 

Most of the animals received morphine 0 006 gram per kilo, 30 to 60 minutes 
before each determination. Several determinations were done without mor- 
phine and the results were similar to those found m the dogs receiving the drug 
This indicates that the effect of moiphine on cardiac output was negligible in 
these experiments Marshall (5) has found that morphine had no appreaable 
effect on cardiac output of the normal dog, and Blalock, Harrison, and Wilson 
(6) using morphrmzed dogs found results for blood flow only slightly higher than 
the result of Marshall on unanesthetized trained dogs 

The oxygen consumption was determined by means of a Benedict spirometer 
with the graphic recording device In earlier experiments a rubber bladder 
was made air tight over the animal’s head in order to obtain an accurate measure- 
ment of the respiration In later experiments a paraffined plaster of pans mask 
was fitted to the dog’s nose and made air tight with plasticine 

\ enous blood was obtained by puncture of the right ventricle, arterial blood 
from the left v entnde or the femoral artery Two samples of blood were usually 
drawn from the right ventricle in order to guard against errors arising from the 
possible mixture of arterial blood with the v enous blood. The usual precautions 
against contact with air were followed. The arterial and venous oxygen con- 
tents were determined with the I an Slyke (7) long bore, constant pressure 
apparatus in the first experiments, the later determinations were made with the 
Van Slyke-Neill (8) constant volume apparatus Oxygen capaaty was also 
determined in some instan ces 

The cardiac output per min ute was calculated according to the Fick formula- 

cc. oxygen consumed per minute cc. blood passing 

cc. oxygen taken up by 1 cc. of equals through lungs per 
blood m passing through the lungs minute 
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passage through the pulmonary circulation, an increased blood flow 
is necessary to meet the oxygen requirements of the body For this 
reason the task of the heart is increased when pulmonary consolida- 
tion interferes with the gas exchange in the lungs The augmented 
demand of the body for oxygen which accompanies fever adds a 
further burden on the heart, so that in pneumonia the demands on 
the circulation may be especially heavy, and may at times surpass 
the ability of the circulation to respond Then signs of circulatory 
failure appear 

Few investigations of the circulation m pneumonia from the point 
of mew of its respiratory functions have appeared Stadie (3) 
studied the arterial and venous oxygen contents of the blood of pa- 
tients with pneumonia He stated “The oxygen consumption, i e , 
difference between arterial and venous contents v r as within normal 
limits, indicating that the cardiac output w r as not diminished ” His 
figures show a low rather than a high arteno-venous difference As- 
suming an increased rate of tissue oxidation, such as is usually found 
in fevers, one is led to believe from Stadie’s data that cardiac output 
was probably actually increased 

Leegaard (4) recently published preliminary observations on 
cardiac output in rabbits after pneumonia had been induced by the 
intratracheal injection of pneumococci He found a 50 to 100 per 
cent increase in the minute output of the heart 

Our interest in the problem followed the accidental finding of a 
high cardiac output in a supposedly normal dog, wdnch at autopsy 
was found to have extensive broncho-pneumonia Since then eighty- 
seven determinations of blood flow have been made on twenty-four 
additional dogs In this paper the various factors causing variations 
in the output of the heart m pneumonia are analyzed and discussed 
Observations regarding other factors bearing on the problem of 
variations in the cardiac output will be considered in subsequent 
papers 

METHODS 

Three different types of pneumonia have been studied 

1 Spontaneous pneumonia Measurements of the cardiac output were made 
on a number of stock animals showing signs of severe distemper, emaciation, 
and fever After two or more determinations the animals were sacrificed Three 
of the group were found at necropsy to have pneumonia 
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TABLE 1 

Pneumonia follaxtng operation 
Animal 12 eight varied 4 6 to 59 kilos 
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56 4 
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(Figures in italics denote determinations done when animal was apparently normal> 
other figures denote determinations when pneumonia was thought to be present.) 

Protocol April 21, 1925, pencardotomj performed Ma> 7, dog looks sick Ma> 11, 
chest X-raj ed, thought to show pneumonia June 23, dog seems \ er> much improved, 
gaining weight. October 10, looks well October 20, listless and febrile, without evi- 
dence of distemper or pneumonia (Morphine 0 04 gram given before each determina- 
tion ) 


TABLE 2 

Pneumonia follovnng operation 
Animal C8 Weight varied S 0 to 7 7 kilos 
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(Figures in italics denote determinations done when animal was apparentlj normal, 
other figures denote determinations when pneumonia was thought to be present.) 

Protocol December 9, 1924, tracheotomj December 16, dog has distemper Jan- 
uary 4, 1925, distemper seems worse, morphia 0 06 gram before deter mina tion Exten- 
sa e bilateral pneumonia found at autops> 
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The hydrogen ion concentration of the blood 'was determined in a few instances, 
Hawkins (9) modification of Cullen’s (10) colorimetric method being used 
Wien the dogs struggled, or when a reasonable suspicion was entertained that 
either venous or arterial blood was "mixed” the experiment w’as discarded 
Duplicate five-, or ten-minute periods w ere used in determining the oxygen con- 
sumption Check determinations w'ere made of the oxygen content of the blood 
Single determinations of oxygen capacity were considered sufficiently reliable 
Most of the animals died spontaneously A few’ were killed either intentionally 
or by the production of hcmopencardium The gross anatomical findings were 
confirmed by microscopic examination of the tissues The output of the heart 
per minute is for the sake of comparison divided by the kilograms of body weight 
of each animal The output per minute is also divided by the number of heart 
beats per minute in order to obtain the average cardiac output per beat 

RESULTS 

The details of the results of each experiment are given m the accom- 
panying tables 

The results of the experiments on dogs with spontaneous pneumonia 
and on dogs developing post-operative pneumonia are similar and 
are therefore considered together In the eleven ammals constituting 
these two senes the cardiac output vaned between 200 and 400 cc 
of blood per minute per kilo of body weight, and averaged 274 cc 
These figures appear m sharp contrast to those obtained from normal 
dogs, in which the cardiac output has been found to be from 100 to 
200 cc per minute per kilo In a senes of 18 normal dogs the cardiac 
output averaged 167 cc per minute per kilo Thus it is evident that 
the dogs with spontaneous and post-operative pneumonia had a strik- 
ing increase m the output of the heart per minute 

The senes of ammals m which pneumonia was induced by the m- 
trabronchial injections of bactena gave results regarding the output 
of the heart which are quite different from those obtained in the other 
two groups (tables 11 to 14) In this senes of six dogs, with one 
exception, no significant change m the cardiac output was observed 
after pneumonia was induced when compared with the measurements 
made before the organisms were inoculated into the bronchi In 
one a nim al a definite increase m the output of the heart was observed 
The average results of the entire senes are as follows 

Cardiac output per minute 
per kilo 

cc. 

170 
199 
179 


1 Before inoculation (eleven determinations) 

2 After inoculation (thirteen determinations) 

3 After inoculation (twelve determinations) 
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TABLE 5 


Date 


Pneumonia following operation 


Poise rate 

Arterial 
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oxygen 

Oxygen 
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tion per 
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Animal 6 W eight 5 3 kilos 

4-12 

56 

16 5 

11 1 

412 

763 

143 

13 6 


Protocol Animal No 5 March 7, 1925, pencardotomj April 2, an i ma l appears 
sick. April 5, \ery weak, unable to stand April 6, dead Lungs showed extensive 
bilateral broncho-pneumonia 

Protocol Animal No 6 March 14, 192 5, pencardotomj April S, a n i m al appears 
quite sick. April 12, seems unproved April 16, animal dead. Many pericardial 
adhesions and a few scattered patches of broncho-pneumonia found at autopsj (Given 
0 04 gram of morphine before determinations ) 


TABLE 6 

Pneumonic following operation 
Animal V31 Weight 6 7 Lilos 
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16 6 
15 5 
28 6 
22 0 


(figures m italics denote determinations done when animal was apparentlj normal, 
other figures denote determinations when pneumonia was thought to be present.) 

Protocol Februarj 20, 1925, tracheotomj performed. Two control deter mina tions 
on this date February 22, appears weak, neck wound infected Februarj 23, animal 
killed Complete consolidation left upper lobe and patchj consolidation else— here found 
at autopsj 









































440 


CARDIAC OUTPUT IN PNEUMONIA 


If the one experiment m which an increased cardiac output following 
inoculation is omitted from the senes, the average results indicate 
that no increase in the minute output of the heart took place after 
inoculation 


TABLE 3 

Pneumonia following operation 
Animal 13 Weight 5 1 kilos 
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Protocol Apnl 25, 1925, pencardotomy During the following week animal was 
listless and refused to cat May 11, seems much sicker May 12, extensive broncho- 
pneumonia and adhesive pericarditis found at autopsy 


TABLE 4 

Pneumonia following operation 
Animal 14 Weight vaned 6 4 to 5 6 kilos 


Date 

PuJse rate 

Temperature 

(Fahrenheit) 

Arterial oxygen 

Venous oxygen 

Oxygen capacity 

Saturation 
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o. 

Oxygen consumption 
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Cardiac output per 
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Output per minute 
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81 2 
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I 
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cc. 
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Protocol April 28, 1925, nerve suture operation performed May 12, distemper 
noticed Animal appeared quite sick and began to lose weight May 21, looks very 
sick May 25, continues to appear sick X-ray shows extensive consolidation on both 
sides May 27, moribund May 28, found dead Complete consolidation of left lung 
and patchy consolidation of nght lung found at autopsy (Morphine 0 04 gram given 
before each determination ) 

The rectal temperature was slightly elevated in most, but not all, 
of the dogs with pneumonia Thepulse rate was sometimes moderately 
increased, but pulse rates are of little significance in morphinized 
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ished The emaciation was not of as great a degree as was the in- 
crease m cardiac output and a relatively small fraction of the in- 
creased blood flow per kilo can be attributed to imderuutntion 


TABLE 9 

Spontaneous pneumonia 
Animal \ 6 W eight varied 8 4 to 7 8 k3os 


Date 

False rate 

Temper 

attire 

(Fahren- 

heit) 

Artemi 

oxygen 

\ enous 
oxygen 

Oxygen 
cons amp- 
tioo per 
mirrate 

Cardiac 

output 

per 

minute 

Output 
per 
mnrate 
per kilo 

Output 
per beat 

mm 

Per mi ruU 


to! umes 
percent 

relumes 

percent 

cc 

cc 

CXU 

cc. 


109 

102 2 

isa 

6 3 

104 0 

2,051 

244 

■ 

Ilia 

110 

102 0 

Bfi 

5 94 

91 5 

1,622 

196 

1 

10-18 

114 

102 0 

11 76 

6 4 

94 5 

1,763 

218 



118 

102 6 

isa 

7 76 

104 4 

2,276 

284 



115 

101 8 

m 

7 53 

95 7 

1,973 

253 



Protocol October 2, 1925, distemper first noticed October 12, X-ray thought to 
show bilateral patchy pneumonia October IS, animal appears shghtk improved, less 
discharge from nose October 24, X-ray shows clearing of apical shadows 


TABLE 10 

Spontaneous pneumonia 
Animal V12 Height 11 4 kilos 


<j 

a 

ft 

O 

B 1 
(1 
r 

» 

if 

IS 
1“ 1 

g 

LC 

>* 

M 

O 

3 
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< 
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£ 

* 

o 

5 

g 

V 

> 

i 

2? 

*D 

Z i 
8 j 

c 
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>» 

o 

c 

s 

s 

eg 

I 1 

cu 

e 

? o 
§ 3 

O c 

££ 
is V 

6 

E 

rs 

Cm 

lo 

w 

o 

3 

C 

£ 

La ! 

=■“ 

Ev 

3 — 1 

O I 

« 

J3 

L 

I 

1 

11-25 

11-27 

FT 1 

rtunuic 

6S 1 

100 

! 

relumes 

Percent 

14 55 
14 60 

! relumes 
Percent 

11 16 
11 2S 

relumes 

percent 

16 10 

Per cent 

90 

cc, 

79 1 
81 4 



ee 

34 7 


Protocol November 25, 1925, annual looks healthy Temperature slightly elevated, 
blood flow \ ery high Nov ember 27, animal killed after experiment completed Autopsy 
showed chronic broncho-pneumonia of nodular type 1 ery extensiv e pneumonia found 
on microscopic study 

Roentgenograms were taken in some instances and compared with 
plates from a normal group The radiological findings v.ere con- 
siderably less striking than the post mortem evidences of pneumonia 




































442 


CARDIAC OUTPUT IN PNEUMONIA 


TABLE 7 


Spontaneous pneumonia 
Animal M2 Weight \ aricd 6 2 to 6 kilos 


Date 

Pulse rate 

Temperature 

(Fahrenheit) 

o 

to 

p 

O 

“rt 

C 

o 

C 

V 

to 

it 

O 

3 

O 

a 

> 

>> 

0 

a 

0 

e 

<-> 

to 

>» 

o 

Saturation 

Oxygen consumption 
per minute 

Cardiac output per 
minute 

Output per minute 
per kilo 

Output per beat 


fer 


relumes 

volumes 

volumes 







minute 


percent 

per cent 

per cent 

per cent 

cc 

CC 


CC 

5-21 


101 2 

11 9 

8 5 

13 3 

89 5 

80 3 

2,362 



5-23 

9S 

104 6 

4 4 

2 6 

10 1 

43 6 

S5 8 

4,760 


48 5 


Protocol May 7, 1925, distemper first noticed May 21, dog has lost a great deal of 
weight Profuse discharge from nose and ejes Tirst determination on blood flow 
May 23, unable to stand Second determination May 24, found dead Complete 
consolidation right lem er lobe and extensive patches of pneumonia throughout the rest of 
the lungs were found at autopsy (Morphine 0 03 gram given before each determina- 
tion ) 

TABLE 8 


Spontaneous pneumonia 


Animal V7 Weight vaned 7 8 to 6 6 kilos 


Date 

1 

Pulse rate 

Temperature 

(Fahrenheit) 

g 

to 

P 

0 

1 

3 

Venous oxygen 

a 

a 

s 

o 

■ 

fer 

; 

volumes 

volumes 

volumes 


minute 


1 per cent 

| per cent 

per cent 


126 

101 

8 93 

• 4 80 

10 74 


148 

101 

7 98 

4 51 

10 82 


101 

99 

7 09 

3 29 

9 91 


SaturaUon 

1 

Oxygen consumption 
per minute 

Cardiac output per 
minute 

"3 

S 

H 

Li 

Sh 

O 

Output per beat 

per cent 


CC 

CC 

cc 

CC 

83 1 


112 8 

2,731 

350 

21 6 

73 7 


93 4 

2,697 

346 

18 2 

71 5 

7 22 

73 4 

1,932 

293 

19 1 


Protocol September 30, 1925, distemper first noticed Dog slightly emaciated 
October 27, profuse discharge from nose and eyes Animal very weak October 31, 
apparently improved November 1, found dead At autopsy, almost complete con- 
solidation of right lower lobe and slight consolidation of left lower lobe were found 


(No morphine used ) 


dogs, as the drug causes a marked slowing of the heart Anaemia 
was found m most of the animals but the degree was variable Some 
of the dogs were much emaciated For this reason the blood flows 
per kilo are higher than would be the case had they been well nour- 
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Hydrogen ion concentrations were determined in sin animals Of 
these, four had extensive pneumonia with a high cardiac output 


TABLE 13 
Irduccd pneumonia 

Animal V4 "Weight varied 6 4 to 5 7 kilos 


Date 

Pulse rate 

Temper 

atnre 

(Fahren- 

heit) 

Artemi 

oxygen 

\ enous 
oxygen 

Oiyjen 
consump- 
tion per 

mmrrti* 

Cardiac 

output 

inmate 

Output per 
inmate 
per kilo ! 

Oatpat 
per beat 


per rmnule 


volumes 
per cent 

volumes 
{cr cent 

CC 

cc. 

cc. 

cc. 

12-4 

5S 

100 0 

15 74 

9 45 

54 0 

846 

132 

14 5 

12-5 

88 

98 0 

16 96 

10 65 

58 9 

933 

155 

10 6 

12-7 

64 

99 0 

16 49 

10 29 

57 0 

921 

161 

14 3 

12-10 

100 

102 2 

13 51 

7 91 

60 4 

1,079 

189 

10 7 


(Figures m italics denote determinations done when animal was apparently normal, 
other figures denote determinations when pneumonia was thought to be present ) 

Protocol December 4, 1925, control studies December 5, second control studies 
After determination gu, en 10 cc. of 19-hour growth Type IH pneumococcus December 
7, does not look sick. December 10, somewhat dyspneic Dog died of hemopencardium 
shortlj after last puncture was made At autopsy , the lung bases seemed heavy and the 
upper lobes normal Microscopic sections show much congestion, extensile oedema, 
and fairly extensile leucocytic exudation. (Morphine 0 04 gram given before each 
determination ) 

TABLE l« 


Induced pneumonia 
Animal V15 "Weight 10.2 kilos 


Date 

Poise rate 

, Temper 
a tore 
(Fahren 
heit) 

Arterial 

oxygen 

\enous 

oxygen 

Oxygen 
consump- 
tion per 
minute 

Cardiac 

output 

P c t 

inmate 

Output per 
minute 
per kilo 

Output 
per beat 


Per minute 


r claries 
per cent 

volumes 
Per cent 

cc 

cc. 

cc. 

cc 

12-14 

60 

97 0 

21 56 

17 1 

85 9 

1,928 

189 

32 1 

12-15 

84 

100 2 

18 06 

13 86 

76 4 

1,819 

178 

21 6 


(Figures m italics denote determinations done when a nimal was apparently normal, 
other figures denote deter mina tions when pneumonia was thought to be present ) 

Protocol December 14, control studies Forty cubic centimeter of lS-bour gro-th 
Type IH pneumococcus gi\ en after determination. December 15, listless and % ery weak 
December 16, found dead Autopsy revealed extensive consolidation of all lobes, con- 
firmed by microscopic sections. 

and two a less extensn e pneumonia with normal blood flow The 
pH values all fell withm the range (720-735) found as normal for 
morphimzed dogs by Harrison, Wilson and Blalock (11) 































Induced pneumonia 

Animal Ml Weight varied 13 2 to 11 3 kilos 


Date 

Pulse rate 

Temperature 

(Fahrenheit) 

C 

K> 

t? 

O 

J 

a 

u 

»*i 

H 

O 

3 

O 

s 

> 

a 

a 

0 

e 

& 

& 

O 

Saturation 

Oxygen consumption 
per minute 

Cardiac output per 
minute 

o 

3 

£ 

E 

n 

o 

Output per beat 


i ! 

per 


volumes 

volumes 

volumes 



1 


l U 


1 minnlc 


per cent 

per cent 

per cent 

per cent 

cc 

cc. 

CC. 


5-26 

76 

99 0 

23 7 

IS 9 

24 1 

9S 3 

94 0 

1,920 

' 153 

25 7 

5-30 

82 

102 0 

22 0 

17 3 

22 0 


105 9 

2,253 

173 

27 4 

6-7 

I 79 

103 2 

1 19 8 

1 14 4 

20 5 

96 6 

120 4 

2,230 

186 

28 2 

6-18 

63 

98 8 

19 3 

14 4 



86 3 

1,761 

140 

27 9 

6-20 

130 

101 6 

12 1 

8 2 

17 9 

67 6 

97 3 

2,497 

189 

19 2 


(Figures in italics denote determinations done when animal was apparently normal, 
other figures denote determinations when pneumonia was thought to be present ) 

Protocol May 26, 1925, healthy dog Control determination May 30, second 
control determination June 6, inoculated with 40 cc of 24-hour growth Type II pneu- 
mococcus June 7, temperature clciatcd, restless, looks well June IS, apparently 
recovered Inoculated again after determination June 19, looks sick dyspneic, cyanotic, 
unable to stand June 20, somewhat improved, given 20 cc of 30 hour growth of Fned- 
lander bacilli June 21, condition unchanged June 22, killed Complete consolidation 
right middle and lower lobes, few scattered patches elsewhere Findings confirmed by 
microscopic sections 

TABLE 12 

Induced pneumonia 

Animal M5 Weight varied 12 to 10 6 kilos 


Date 

Pulse rate 

Temperature 

(Fahrenheit) 

Artenal oxygen 

Venous oxygen 

Oxygen capacity 

SaturaUon 

Oxygen consumption 
per mmute 

Cardiac output per 
minute 

Output per minute 
per kilo 

Output per heat 

5- 30 

6- 2 
6-4 
6-5 
6-8 

fer 

minute 

63 

85 

82 

136 

108 

100 2 
104 5 
102 0 
102 4 
102 5 

volumes 
per cent 

16 5 
16 7 
13 7 
13 6 

3 8 

volumes 
per cent 

11 9 
11 5 

7 9 

8 0 

2 0 

volumes 
per cent 

17 S 
17 9 
16 0 
14 8 

5 1 

Per cent 

92 7 

93 3 
85 6 
91 9 
74 5 

cc 

114 1 
117 0 
114 4 
109 4 
88 5 

mm m 

pjR pj 

cc* 

207 

201 

182 

183 

464 

cc 

39 3 
26 4 
24 0 
14 3 
45 5 


(Figures in italics denote determinations done w hen animal was apparently normal, 
other figures denote determinations when pneumonia was thought to be present ) 

Protocol May 30, 1925, control studies June 1, given 28 cc of 24-hour growth 
Type I pneumococcus June 2, looks healthy, not cyanotic, high fever June 3, looks 
very sick June 4, condition unchanged June 8, animal is very weak Autopsy per- 
foimed after experiment was completed showed the lungs to be normal in the gross except 
for slight consolidation of both lower lobes Microscopic sections show fairly extensive 
early broncho-pneumonia 
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Hastings, Neill, Morgan and Binger (12) found normal values for 
pH in pneumonic patients, whereas Leake, Vickers and Brown (13) 
found slight acidosis in the experimental pneumonia of dogs 
The animals developed a marked anaemia in many instances The 
cause of this is not clear Leake, Vickers, and Brown (13) found 
that m experimental pneumonia of dogs a great loss of circulating red 
blood cells occurred without compensatory regeneration From our 
studies it is not possible to be sure that the diminution of oxygen 
was dependent entirely on loss of red blood corpuscles as counts were 
not made It is possible that methemoglobin may have been present 
If so the amount of methemoglobin was not significant, as no change 
was noted m the color of the aerated blood 

DISCUSSION 

The results of the experiments here reported are discussed from 
two points of mew 

1 The mechanism responsible for the increased output of the heart 
in pneumonia Our present knowledge of the controlling factors of 
the circulation is comparable to our knowledge of the regulation of 
respiration before the classical observations of Zuntz (14) and Hal- 
dane and Priestley (15), demonstrating the importance of oxygen and 
carbon dioxide A rational conception of the regulation of the car- 
diac output is of prime importance to clinicians as well as to physiol- 
ogists Therefore an attempt has been made to analyze the various 
factors which may have been responsible for the increased cardiac 
output in pneumonia In an investigation now m progress these 
factors are bemg studied separately m an endeavor to ascertain their 
relationship to the circulation under less complicated conditions 
In pneumonia there are at least fix e abnormal conditions which may 
lead to alterations of the output of the heart These are 

1 The effect of toxins produced by the infecting organisms on the tissues, 

producing fundamental disturbances of function 

2 Acidosis (if present) 

3 Increased metabolic rate 

4 Anaemia 

5 Lack of ox> gen in the blood leaving the lungs 



TABLL 15 

Induced Pneumonia 

Animal V2 Weight varied 13 6 to 11 4 kilos 


Date 

Pulse rate 

Temperature 

(Fahrenheit) 

Arterial oxygen 

Venous oxygen 

Oxygen capacity 

Saturation 

w 

o. 

Oxygen consumption 
per minute 

ha 

CJ 

a 

a 

a 

3 

O t, 

o tS 

|s 

§ E 

U 

Output per minute 
per lulo 

Output per beat 

■ 

f>cr 


volumes 

r elumes 

volumes 







1 

minute 


per cent 

per cent 

per cent 

per cent 


cc 

CC 

CC 

CC 

1 

67 


17 71 

13 43 

19 21 

92 2 


85 2 

1,990 

146 

29 7 

E99 

71 

98 0 

17 70 

13 25 




98 6 

2,216 

181 

31 2 

10-22 


100 0 

17 45 

13 57 




82 6 

2,123 

174 


10-29 

113 

101 2 

12 82 

77 7 


85 2 

7 27 

87 5 

1,733 

154 

15 3 


(Figures m italics denote determinations done when animal was apparently normal, 
other figures denote determinations when pneumonia was thought to be present ) 

Protocol October 8, 19, and 22, control studies October 23, X-ray shows normal 
lungs October 26, 35 cc of 10-hour growth Type I pneumococcus October 27, slightly 
dyspneic, temperature 102 October 29, weak, losing t\ eight Killed after determina- 
tion The left upper lobe was solid Patches of broncho-pneumonia throughout rest of 
lungs Microscopic sections showed extensive pneumonia 


TABLE 16 
Induced pneumonia 

Animal V5 Weight varied 5 9 to 5 6 kilos 


V 

"ri 

Q 

Pulse rate 

Tempeiature 

(Fahrenheit) 

Arterial oxygen 

S 

to 

p 

o 

3 

o 

d 

> 

Oxygen capacity 

d 

3 

d 

d 

<5 

in 

Oxygen consumption 
per minute 

Cardiac output per 
minute 

Output per minute 
per kilo 

Output per beat 


per 

minute 


volumes 
per cent 

volumes 
per cent 

volumes 
per cent 

per cent 

cc 

CC 

cc 

CC 

10-25 

68 

98 0 

16 3 

11 22 



56 7 

1,116 

189 

16 4 

10-26 

92 

97 6 

14 24 

9 41 

16 01 

88 9 

62 6 

1 296 

219 

14 0 

10-29 

110 

102 0 

15 01 

8 05 



74 4 

1,069 

191 

9 7 

11-1 

82 

102 0 

13 78 

6 40 

15 52 

88 8 

72 8 

986 

176 

12 0 


(Figures in italics denote determinations done when animal was apparently normal, 
other figures denote determinations when pneumonia was thought to be present ) 

Protocol October 25, 1925, control study X-ray showed normal lungs October 26, 
second control study After determination given 20 cc of 10-hour grow th Type I pneu- 
mococcus October 27, somewhat weak, slightly dyspneic, temperature 103 October 
29, condition unchanged November 1, improved, walking around, studies without mor- 
phine Killed after determination Autopsy showed few patches broncho-pneumonia 
both lower lobes (Morphine, J gram, given before each determination with the cxcep 
tion of the one on November 1 ) 
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Satisfactory normal standards are not available for determining 
whether the basal metabolic rate of a dog is increased Most of the 
dogs with pneumonia had some elevation of body temperature and 
an increased heat production may be assumed The oxygen con- 
sumption per minute per kilo varied from 6 to 14 cc , and was m 
general in inverse ratio to the weight of the dog In figure 2 a 
correlation is shown between the number of cubic centimeters of 



Fig 2 The cardiac output per minute per kilo is charted against the oxjgen 
consumed per minute per kilo There is a general tendency for the cardiac 
output to be higher in the animals with a higher ox>gen consumption, but this 
is not striking 

oxygen consumed per minute per kilogram and the cardiac output 
per minute per kfio Although the higher values for the cardiac 
output comade in a rough way with the higher values for ox} gen 
consumption, the relationship is not striking 
A similar chart (fig 3) depicts the correlation between the cardiac 
output and hemoglobm content (the values for hemoglobin were 
calculated from the oxygen capaaties on the assumption that 20 
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The effect of toxins cannot be studied quantitatively with present 
methods, and so this possibility has been neglected m our further 
consideration 

Since Leake, Brown and Vickers found acidosis m dogs with pneu- 
monia, and smce Harnson, Wilson and Blalock found that acidosis 
produces an increase in the cardiac output of morphmized dogs, at- 



Fig 1 The total cardiac output per minute is charted against the weights 
The diagonal dotted line represents 200 cc per minute per kilo of body weight 
In this and the following figure the white circles denote normal dogs, the black 
circles — dogs with pneumonia Nearly all the normal animals have a cardiac 
output of less than 200 cc per kilo per min ute } whereas most of the dogs with 
pneumonia have a higher output 

tention was first directed to this factor However, as has been stated 
above, the pH value of the blood of the animals with pneumonia 
was found to fall within the same range as the blood pH value of 
normal dogs receiving similar doses of morphine The pH decline 
necessary to produce a marked increase m cardiac output is greater 
than the degree of this morphine acidosis, as Harnson, Wilson and 
Blalock have shown 
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2 The cluneal significance of an increased cardiac oitipul in pneu- 
monia If one makes the assumption that the human heart responds 
to the pneumonic process m the same way as the heart of the rabbit 
(Leegaard) or dog — an assumption which seems likely but remains 
to be pro\ed — certain probable deductions can be drawn 

a When the infection is overwhelming and death comes in one to 
three days, there is little or no change in cardiac output When the 



Fig 4 The cardiac output per minute per Ldo is charted against the per- 
centage of arterial unsaturation — or degree of anoxemia With high degrees 
of arterial unsaturation the cardiac output is great!} increased 

infection is mild there is relatn ely little change The severe but not 
immediately overwh elmin g infection of several da\s standing ap- 
parently causes the greatest increase m blood flow In these instances 
the cardiac output seem s to stand m the same relation to the seventy 
of the infection as does the leucocyte count 

b The assumption that death occurs in pneumonia from cardiac 
failure seems to be true in one sense and false m another The older 
conceptions of a heart muscle injured by toxin contracting more 
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volumes per cent capacity equal 100 per cent hemoglobin). From 
this figure it appears that the relationship of increased output of the 
heart to anaemia is fairly definite, although caution is necessary in 
interpreting results when other complicating factors are present 
Cardiac output in relation to anoxemia is demonstrated m figure 4 
Here the correlation is more suggestive than with the functions pre- 
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Fig 3 The cardiac output per minute per kilo is charted against the per- 
centage hemoglobin, which was calculated from the oxygen capacity on the 
assumption that 20 volumes per cent oxygen capacity equals 100 per cent hemo- 
globin The reduction of hemoglobin is strikingly correlated with an increase 
in cardiac output 

viously plotted, but one is scarcely justified in drawing any definite 
conclusions under the complicated conditions of the experiments 
These results indicate that increased metabolic rate, anaemia of 
severe degree, and anoxemia may be of importance in regulating the 
blood flow In order to evaluate each of these factors it is necessary 
that they be studied singly This is being done at the present time 
and the results will be published at a later date 
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phoid fever and acute miliary tuberculosis, comparable as to degree 
of "toxemia " 

The relationship of anoxemia to the increased cardiac output has 
been discussed above, and severe anoxemia appears to be corre- 
lated with increased output of the heart This affords a rational 
basis for the administration of oxygen in pneumonia Increasing the 
ah eolar oxygen tension should dimmish the necessity for an increased 
cardiac output If the heart of man reacts to pneumonia as does the 
heart of the dog, oxygen should have a very beneficial sedative ac- 
tion in those cases where cyanosis is marked 

In comparing the findings in experimental pneumonia with clinical 
pneumonia it is necessary to remember that the latter is frequently 
encountered in individuals with diseased hearts, whereas the expen- 
mental animals had normal hearts, so far as we could judge It is 
possible that the pathological heart cannot increase its output to any 
considerable degree and this may account for the well known fact 
that pneumonia is more fatal in individuals suffering from cardiac 
diseases 

The value of “cardiac stimulants” remains an open question 
Caffeine and camphor are commonly 7 used Aside from their \ alue 
as respiratory stimulants, our purpose m giving them is to increase 
the output of the heart If these drugs do not ha\ e this effect it is 
useless to give them If they 7 do hax e this effect, their \ alue is ques- 
tionable and possibly their use is harmful Our knowledge of the 
circulation is too vague to permit an answer to the question of the 
advisability of increasing the work of an organ already working at 
or near its maximum level Clinically one gams the impression that 
these drugs are of little value except in those patients vho develop 
Cheyne-Stokes breathing However, the “cardiac stimulants” are 
usually not given until the patient is well nigh monbund and there- 
fore such an impression may not be correct Further experiments 
and better methods for study of patients are needed before caffeine 
and camphor can be evaluated 

Digitalis is widely used in pneumonia Cohn and Jamieson dem- 
onstrated that this disease does not alter the effect of the drug on 
the heart. 
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feebly seems incorrect From the results of others, quoted above, 
and of this work, it is more logical to think of a heart doing more 
than the normal amount of work and failing eventually because of the 
increased load 

Of practical importance is the question as to whether the increased 
blood flow m pneumonia is a compensatory and hence necessary 
mechanism, or whether this increase is to be regarded as being per se 
a dangerous mamfestation of the disease and leading eventually to 
failure of the circulation It appears probable that both conceptions 
are correct Blalock, Harrison and Wilson have shown experimen- 
tally that diminishing the minute ventilation by partially obstructing 
the respiration causes a great increase m the output of the heart 
From their experiments they concluded that the circulation con- 
stitutes the second hne of defense agamst failure of tissue metabohsm 
and that the heart by increased output can compensate for an in- 
efficient respiratory mechanism In their experiments the CO 2 
elimination was markedly affected while relatively httle change in 
the oxygen absorption was found In the experiments on pneumonia 
reported m this paper the reverse is true, but the circulatory response 
is similar We beheve that either a rise of alveolar C0 2 tension or 
a fall m alveolar oxygen tension, if of sufficient magnitude, will cause 
an increased cardiac output The advantage to the body is obvious 
The amount of oxygen taken up, or of CO 2 given off per 1 cc of 
blood m the lungs depends on the difference between the pressure of 
these gases in the alveoh and in the venous blood If the alveolar 
C0 2 tension nses, each unit of blood can give off less CO 2 If the 
alveolar oxygen tension falls (beyond a certam level) each unit 
of blood can take up less oxygen Hence, m either case, if the 
total exchange of gas is to remain constant more units of blood must 
pass through the lungs The increased blood flow must be regarded 
therefore as a compensatory mechanism and an advantage, but ob- 
tained at the nsk of possible cardiac failure If the heart can carry 
the increased load until the mfection is overcome, recovery may be 
expected, if the strain on the heart causes it to weaken, death results 

It is beheved that these conceptions explain why circulatory failure 
occurs more rapidly in pneumonia than in other diseases, such as ty- 
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Levy (16) has shown that digitalis diminishes the size of the heart 
shadow m pneumonia In some work now m progress Leonard and 
Harrison have found that digitalis in therapeutic doses diminishes the 
output of the dog’s heart If we may believe that the dog’s heart 
and human heart are comparable, one is led to assume that most 
patients with pneumonia need a cardiac sedative rather than a car- 
diac stimulant Although the increased blood flow is probably com- 
pensatory, the heart must be protected against compensating to the 
extent of becoming weakened by the strain 

SUMMARY 

The output of the heart of the dog has been studied by the Fick 
method In pneumonia the cardiac output is usually increased 
When the infection is of short duration and either mild or overwhelm- 
ing, the increase is less than m the severe, well developed pneu- 
monia of longer duration The increase m cardiac output appears 
to bear little relation to changes m oxygen consumption, but appears 
to depend to some extent on anaemia and to a greater extent on anox- 
emia On the assumption that the cardiac output is also increased 
in pneumonia m man, heart failure is to be ascribed to the increased 
strain on the circulation rather than to weakness of the myocardium 
From this viewpoint oxygen and digitalis appear to be definitely 
indicated, whereas the value of caffeine and camphor is questionable 
It is a pleasure to express our appreciation to Dr G Canby Robin- 
son and Dr E K Marshall for advice, encouragement and many 
helpful suggestions in regard to this work 
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THE UTILIZATION OF CARBOHYDRATES IN A CASE OF 
CHRONIC PENTOSURIA 

By I M RABDCOWITCH 

( From tie Department of Ifetabohsm, Mot treat General Hospital Montreal, Canada ) 
(Received for publication April 23, 1926) 

Recently an opportunity teas afforded for a brief study of the car- 
bohy drate and respiratory metabolism m a case of chrome pentosuna 
Simultaneous blood sugar and respiratory' quotient time cur\ es were 
obtained following ingestion of glucose as described hereafter As far 
as can be ascertained from the literature, such observations, in this 
tare disease, hax e not been recorded hitherto 

The subject, a male, aged 40, apphed recently for a life assurance 
policy, and was rejected because sugar v as found in his unne Other- 
wise he was perfectly well and there \\ ere no signs suggesting diabetes 
melhtus The applicant failed to mention the fact to the medical 
examiner, that he had had sugar m his unne since 1904 (for 22 y ears), 
at which time it was discovered accidentally, also dunng a hfe assur- 
ance examination He also failed to present a letter (which he did to 
the author), given him by his physician at that time, showing that a 
diagnosis of pentosuna had been made 

Though alimentary pentosuna is not infrequently met with, chrome 
(essential, spontaneous) pentosuna is rare Less than fifty cases are on 
record Though relatively much has been wntten upon this condi- 
tion, what is actually known is bnefly and y ery clearly described m 
the recent edition of Garrod’s classical monograph on “Inborn errors 
of metabolism” (1) It is therefore unnecessary to discuss m detail 
the vanous aspects of our knowledge of this disease Only the es- 
sential features of clinical mterest will be mentioned bnefly' 

The condition belongs to the group of “inborn” diseases, and is 
characterized by' the presence of pentoses in the urine which bear no 
relation to the ingestion of these sugars Of the forty -four cases 
recorded by' Garrod, thirty-three were males The youngest was a 
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heating, and then becoming apparent suddenly This delayed reduc- 
tion of Fehhng’s solution, frequently mentioned in text-books as being 
of diagnostic \ alue, is not necessarily due to pentose, and is therefore 
unreliable for this purpose Garrod points out that unnes containing 
small traces of glucose may behave in the same way, and quotes Bial’s 
observations that it may be observ ed w hen the unnes hav e been kept 
for some time with addition of preservatives, such as toluene or 
chloroform The pentose usually found m chrome pentosuna is not 
fermentable by yeast and is optical!} inactive Phenylhydrazine 
produces an osazone, with a melting pomt of 156° to 160°C , and a 
mtrogen content of 17 07 per cent The special color reactions (red 
with phlorgluanol and green with orcin) are not obtained with glucose 
Both of the colored substances are soluble m amyl alcohol, and the 
alcoholic solutions show characteristic spectroscopic bands In the 
phlorgluanol test the bands he between the Fraunhofer lines D and 
E (about X5425 to X5750) and in the oran test between C and D 
(X5850 to X6150) Glycuronates giv e similar color reactions, but they 
may be eliminated from the unne by controlling the ingestion of sub- 
stances yielding glycuronates The compound glycuronates are 
optically active 

The physical signs in this case were negative and for brevity are 
omitted A careful inquiry, with reference to the family history, 
failed to find any other member of the family similarly affected The 
unne reduced Benedict’s solution, did not ferment with yeast, and was 
optically inactive Positive results were obtained both with the 
phlorgluanol, the old oranol and Bial tests The melting points of the 
osazone crystals obtained with phenylhydrazine on three different 
occasions were 158 5°, 159°, 158°, respectively Quantitativ e deter- 
minations of the daily excretions were made by the sulphite-iodometnc 
method desenbed by Cammidge and Howard (2) and on three suc- 
cessive penods the results were as follows, 3 6, 2 5, 4 0 grams — an 
average of 3 3 grams per day During the last period the diet was 
very high m carbohydrates It will be noted this did not alter the 
amount of pentose excreted Ten units of insulin had no effect upon 
the rate of excretion on the one day in which it was giv en No excess 
excretion of urobilin was found in the urine by the method of Wallace 
and Diamond (4) The Van den Bergh reaction for bilirubin in the 
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child five years old (Aron) Garrod points out that Alexander’s case, 
a child of eighteen months of age, was probably of the “alimentary” 
type Cammidge and Howard (2) record a case of a female, 75 years 
old It tends to occur m several members of a family, but neither the 
parents nor offspring of such individuals are likely to be similarly 
affected — in this way differing from diabetes melhtus and renal 
glycosuria The Hebrew race appears to be particularly liable The 
condition is apparently harmless Garrod mentions two individuals 
(Klercker) observed for ten years Cammidge and Howard (2) record 
one who was treated for twenty-six years for diabetes One subject 
reported by the late Theodore C Janeway (3) in 1906 was recently 
met with by the writer 1 Having applied recently for hfe insurance, 
the company msisted upon a “sugar tolerance test,” the results of 
which, however, indicate that his glucose metabohsm is not perfectly 
normal In the post absorptive state the blood sugar was 0 085 per 
cent Following ingestion of one hundred grams of glucose, the blood 
sugar rose to 0 241 per cent at the end of thirty minutes, but returned 
to the original level m two and a half hours In the case wdnch is the 
subject of this report, the diagnosis, as just stated, was made twenty- 
two years ago (1904) 

The amount of sugar excreted is usually small — about 5 grams — 
and is not affected by the ingestion of glucose yielding carbohydrates 
Low protem and punn free diets have been noted to lessen excretion 
Pentoses or pentose yielding foods mgested m the usual quantities, 
appear to be destroyed the same as m normal individuals In the one 
case mentioned by Garrod (Blumenthal and Bial) in which an exam- 
ination was made of the blood sugar, the latter was found to be normal 
Cammidge and Howard (2) found excess unnary excretions of urobilin 
and ammo acids in all of their seven cases, and therefore suggested 
defective liver function as an underlying cause 

DIAGNOSIS 

Because arabmose does not reduce Fehhng’s solution as readily as 
glucose, and the amount of sugar is usually small, the reduction of this 
solution may be delayed — taking place some time after the second 

1 1 am indebted to Dr C C Birchard, Chief Medical Officer of the Sun Life 
Assurance Company of Canada, for having brought this case to my attention 
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stud} of renal glycosuria (5), (6), and therefore need not be described 
here The combined results are shown in table 1 

DISCUSSIOK OF RESULTS 

The blood sugar m the basal state was normal (0 080 per cent) 
Following the ingestion of 100 grams of glucose the maximum con- 
centration (0 135 per cent) was noted at the end of one hour, and the 
original concentration was again reached before the end of the third 
hour From these observations there was no inch cation of diminished 
sugar tolerance 

The total respiratory quotient in the basal state was 0 822 A fall 
was noted at the end of the first hour This phenomenon was pre- 
viously (6) discussed and is compatible with the normal The maxi- 
mum increase (0 054) was noted at the end of the third hour The 
ma ximum percentage increments above the basal, of carbon dioxide 
production, oxygen consumption and heat production were 13 2, 
9 6 and 10 2 respectn ely The total amount of glucose oxidized 
during the three hour penod was 21 99 grams or an average of 7 33 
grams per hour 

All these values correspond to the normal Confirmation, by 
modem methods, is therefore gi\ en to the general opinion held that in 
chrome pentosuria (unlike diabetes melhtus) the utilization of carbo- 
hydrates is unimpaired There appears, therefore, to be no reason 
for either subjecting these individuals to restricted diets or classifying 
them as sub-standard insurance risks 

Grateful acknowledgment is due Miss Althea B Frith and Miss 
Eleanor V Bazm, who were responsible for all blood and respiratory 
air analyses 
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blood plasma was negative (direct and indirect) There was therefore 
no evidence in this case, as in those of Cammidge and Howard, of 
defective liver function 

In the post absorptive state, on February 18, 1926, the blood sugar 
was normal (0 078 per cent) One hundred grams of glucose were 
then given by mouth with the following blood sugar results 



ptr uni 

At the end of 30 minutes 

0 089 

At the end of 60 minutes 

0 092 

At the end of 120 minutes 

0 086 

At the end of 180 minutes 

0 066 


TABLE 1 

Simultaneous respiratory exchange and blood sugar time curve data 


Time 

Liters 

Nitrogen per hour 
(grams) 

RQ 

Total calories per hour 

Grams of carbohydrate 
oxidized per hour 

Blood sugar, per cent 

Percentage increase 
nboae basal 

S 

o 

•a 

t) 

a 

<5 

COi per hour 

3 

£ 

Non protein 

Oxygen 

consumption 

COj elimina- 
tion 

Heat produc 
tion 

Basal 

13 68 

11 24 




66 1 

5 93 





30 mmutes 










■ 

1 

60 mmutes 

14 82 

11 57 


0 781 

0 776 


4 04 


S 3 


IE 

120 minutes 

15 00 

12 73 

0 444 

0 S49 


72 9 

8 66 

0 113 

9 6 



180 mmutes 

13 38 

11 72 


0 876 

0 891 

65 6 

9 29 

0 068 


BE 



Sugar was found in the urines obtained at the end of each of the above 
periods All specimens, with the possible exception of one, were, 
however, optically inactive, were not fermented by yeast, and gave a 
positive Bial reaction In the one exception a small quantity of gas 
(equal to that from 0 25 per cent glucose) was found m the sacchar- 
ometer, which did become smaller on the addition of sodium hydrate 
These observations alone suggested no disturbance in the ability of 
this individual to metabolize the ordinary carbohydrates His dietary 
habits are such that he takes the normal quantity of carbohydrates 
per day, and has no particular tendency to take pentose yielding 
fruits and vegetables He returned for further observation on April 
13, 1926, and at this time blood sugar and respiratory exchange 
time curves were obtained simultaneously The procedures followed 
were the same as employed previously m this laboratory in a similar 















A NEW TYPE OF OXYGEN CHAMBER 

Bv ALVAN L BARACH 

{From the Department of Medicine, College of Physicians and Surgeons, Columbia 
Vni~crsit\, and the Presbyterian Hospital) 

(Received for publication April 26, 1926) 

During the last decade the therapeutic use of oxjgen has received 
considerable attention The physiologic basis for its use has been 
reviewed by Means (1) and bj Lundsgaard (2) In a recent communi- 
cation (3) we have discussed the efficacy of various types of portable 
apparatus and the clinical results obtained from adequate oxygen 
therapy We wish now to report a new type of ovy gen chamber m 
which the ventilation is secured bj a thermal circulation of the air 
An oxygen chamber may be defined as a room which is leak-tight 
in order to provide an atmosphere nch in oxygen and which is arti- 
ficially ventilated m order to maintain a comfortable environment 
The oxygen content of the room is raised until the concentration of 
oxygen is between 40 and 60 per cent, which is considered the thera- 
peutic range It is v entilated m order to remove excess carbon diox- 
ide, moisture and heat Provision is made to keep the C0 2 concen- 
tration below 1 0 per cent, maintain a temperature between 58° and 
68°F , and secure a relative humidity between 50 and 70 per cent 
These conditions hav e been met previously by the construction of a 
room within a room The inside room, or oxygen chamber, is \ en- 
tilated by means of motors, one to four in number, which operate a 
corresponding number of air pumps or fans In addition, a refriger- 
ating plant or frigid air system is present for removal of heat and 
moisture All the machinery is kept outside the chamber, at tunes 
in a separate room The aif is pumped out of the chamber, passed 
through soda-lime and over coils of amm onia or bnne, and then re- 
turned to it (4) 

The chamber which we are reporting differs from the above m that 
there are no pumps, fans, motors, artificial refrigerating plant, or any 
electrical appbance In addition, the chamber is transportable It is 
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lined with a rubber gasket and the adjoining panels bolted together 
This method of construction applies through the chamber with the 
e.\ception of the floor and doors which are reenforced bj strip alumi- 
num rods 



Tig 1 Ovigen Chamber, Showing Two Doors, Coils and Soda-Lime Bo\ 


The mside of the chamber contains se\eral banks of coils, the 
disposition of which is seen in figures 1 and 2 The head end contains 
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constructed of aluminum and glass panels, which are joined together 
with the intervention of rubber gaskets and bolted m place The 
inside of the chamber is lined m certain places by aluminum pipe which 
contains circulating cold water from the ordinary cold water faucet 
The water enters the pipe at one side of the chamber and leaves at the 
other The exit water returns to the dram A large soda-lime con- 
tainer is placed under the bed No other apparatus is used 
The air m contact wuth the cold aluminum pipes is chilled, the mois- 
ture is condensed on the surface of the pipes, and the cool dry air 
passes to the floor of the chamber 'where the carbon dioxide is removed 
by contact with the soda-lime The air is warmed by the heat of the 
patient’s body and passes to the roof with additional moisture and 
carbon dioxide It is then chilled again and the process is repeated 
By the use of these convection currents there is obtained an adequate 
removal of carbon dioxide, moisture and heat 

CONSTRUCTION OF THE CHAMBER 

The dimensions of the chamber are 10 feet long, 7 feet high and 5| 
feet wide The two side walls are composed of panels 7 feet high and 
2| feet m width The head end contains two panels 7 feet high and 
2f feet wide The foot end is made in a solid piece to enclose a door 
6| feet high and 44 inches in width The floor and roof of the chamber 
are composed of panels 5| feet long and 2 \ feet wide In one of the 
side panels nearest the foot end a smaller door has been constructed 
feet high and 2 feet wide The rem ainin g side panels have a window 
in the upper half, 3 feet high and 2 feet wide The glass is of the 
triplex variety, 1 e , two thicknesses of glass with celluloid between, 
which is exceedingly strong and does not splinter 

The aluminum panels have to be made with especial care to obtain 
strength, lightness, durability and a leak-tight juncture An alumi- 
num sheet of the dimensions of the panel desired is welded on all four 
sides to an aluminum angle The sheet is 0 030 of an inch in thickness, 
whereas the angle is 0 25 of an inch m thickness The welding of 
materials of such difference m thickness is very difficult and requires 
-a highly trained aluminum welder The angle is 1 inch by 1 inch 
Each aluminum sheet is thus set in a frame which consists of the 
aluminum angle The side of the angle which projects outward is then 
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adjacent to the foot end are free from any cods The pipe is 4 mch 
in outside diameter Each bank of coils is equipped with a xalxe so 
that they may be used all together or one at a time as is desired 
At the bottom of the coils is an aluminum trough which con\eys the 
condensed water to the outside bx means of a pipe water-sealed 
The soda-lime box is 4 feet long, 2 feet wide and 1 foot high and is 
made of copper screening, supported by aluminum rods 1 inch m 
width Two trays of the same material are suspended m the box to 
increase the area of soda-lime exposed The box is placed at the head 
end of the chamber underneath the bed 
Four £-inch holes are placed at the head end of the chamber for 
withdrawal of air for testing of oxygen and carbon dioxide The 
simplified oxygen analyzer described by B nger (4) is used and an early 
Henderson MTImcation of Haldane’s CO ; analyzer For routine use 
Marriott and Howland’s phenolsulphonephthalem test is employed 
for determining C0 2 concentration Two f-inch holes are placed in 
the head end for admission of 0x3 gen 

THE OPERATION OF THE CHAMBER 

The assemblage of the chamber is accomplished simply by bolting 
the panels m place in their respective positions When a patient is 
put m the chamber the large door is used, and either the patient is 
transferred on a stretcher to a bed m the chamber or the bed contain- 
ing the patient is rolled m A can of soda-hme is emptied in the box, 
50 pounds being distributed m three layers This is sufficient to last 
approximately one week If it is planned to keep the patient in the 
chamber two weeks two cans may be emptied m the soda-hme box 
The valve regulating the inlet of cold water is turned on full, and may 
later be regulated to a slower flow if the room temperature falls below 
58°F The oxygen is first admitted at the rate of 30 liters per minute 
until the concentration reaches the desired lex el, and then adjusted 
to between 6 and 10 liters per minute depending on the amount re- 
quired 

The small door at the side is used for entrance of doctor and nurse 
A curtain of rubberized silk is suspended inside this door to prex ent 
loss of oxygen when entering or leaxrng the chamber When leaxmg 
the chamber it is adxnsable to get between the curtain and the door 
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a solid bank of pipe from the roof to S inches from the bottom and 
extending m width to within 6 inches from each wall At the sides 



Fig 2 Interior of Oxygen Chamber 
Pipes line three walls Soda-lime bo\ is placed under the bed 


there are two banks of coils, one at the top, If feet m height and 7 feet 
in length, and one at the bottom, 3 feet in height and 7 feet in length 
The foot end of the chamber and both sides for a distance of 3 feet 
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before opening the door, allowing the curtain to block the free diffusion 
of air and oxygen when the door is opened 

The inflow of oxygen is regulated by a specially calibrated reducing 
valve which is connected by a manifold to five high pressure oxygen 
tanks Each tank contains 6000 liters The valve is calibrated in 
liters per minute The amount of oxygen needed for a given length of 
time can be calculated and the oxygen tanks renewed accordingly 

VENTILATION DATA OF THE CHAMBER 

Good ventilation depends upon the mamtainance of an atmosphere 
of such temperature, humidity and state of motion as will cool the 
human body without chilling it The standard m use under ordinary 
circumstances includes a temperature of from 65° to 70°F , a humidity 
between 50 and 70 per cent, and an absence of drafts of cold air The 
oxygen and carbon dioxide concentrations are no longer considered 
criteria of the hygienic punty of the air as these factors do not play a 
r61e until long after the atmosphere has become oppressive from other 
causes, such as heat, moisture and odor 

Human comfort is dependent upon the rate of heat production 
within the body and the cooling power of the air There is a constant 
loss of heat from the surface of the body by radiation, convection and 
evaporation Lowering the temperature of the air increases the cool- 
ing power by accelerating radiation and convection, whereas lowenng 
the humidity increases the cooling power by accelerating evaporation 
The health, comfort, and physiological efficiency of men exposed to 
atmospheres of varying temperature and humidity have been investi- 
gated by the U S Bureau of Mines m cooperation with the American 
Society of Heating and Ventilating Engineers (5) They have found 
that certain combinations of temperatures and humidites will produce 
the same total body heat loss, by radiation, convection and evapora- 
tion, and therefore the same feeling of comfort and discomfort Lines 
passing through such air conditions, plotted m the form of a psychro- 
metnc chart, they have designated equal comfort or effective temper- 
ature hnes (6) Thus, a temperature of 65°F with a relative humidity 

of 100 per cent is equally as comfortable as a temperature of 70°F 
with 50 per cent relative humidity or a temperature of 78°F with 0 
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relative humidity This particular line they have designated the 
comfort line for still air conditions 

Effective temperature appears to be a very valuable term for de- 
fining conditions of the atmosphere inasmuch as it represents the 
cooling power ot the air and is capable of exact definition For pa- 
tients with fever we believe the effective temperature should be lower 
(See table 1 for ventilation data ) The temperature of the chamber 
is kept at 60°F with a relative humidity of 60 per cent, which corre- 
sponds on the effective temperature line to a temperature of 57°F 
with 100 per cent humidity or a temperature of 66°F with zero humid- 
ity'- By regulating the flow of cold water and the number of banks of 
coils employed both the temperature and humidity may be lowered or 
increased 

Leonard Hill (7) has made an exhaustive study of the science of 
ventilation through the development of a new instrument, the kata- 
thermometer The cooling-power of the air and the velocity of air 
movement may be determined by its use As these factors are of 
profound importance in estimating good ventilatory conditions the 
kata-thermometer was used to dete rmin e the effectiveness of the cham- 
ber m these respects 

The kata-thermometer is a specially constructed alcohol ther- 
mometer with a cylindrical bulb 18cm in diameter and 2 2 cm m 
length The stem, 20 cm in length, is graduated in tenths of a degree 
Fahrenheit from 100 to 95 The procedure followed m taking a read- 
ing is to heat the kata m water until the alcohol rises to the top The 
bulb is then dried and the instrument set up firmly in a suitable posi- 
tion The time is taken for the fluid to fall from 100 to 95, measured 
by a stop-watch This time is a function of the heat loss from the 
surface of the kata by radiation and convection To take the wet 
readings a muslin finger-stall is put on the bulb, and the same pro- 
cedure followed The wet kata gives the heat loss from radiation, 
convection and evaporation As the total heat lost from the surface 
of the kata in cooling from 100 to 95 is always the same, the rate of 
heat loss depends entirely upon the surrounding atmospheric condi- 
tions, namely, temperature, humidity, and am movement 

The total heat loss m cooling from 100 to 95, deter min er! experi- 
mentally m millecalones, divided by the surface area of the kata gives 
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before opening the door, allowing the curtain to block the free diffusion 
of air and oxygen when the door is opened 

The inflow of oxygen is regulated by a specially calibrated reducing 
valve which is connected by a manifold to five high pressure oxygen 
tanks Each tank contains 6000 liters The valve is calibrated in 
liters per minute The amount of oxygen needed for a given length of 
time can be calculated and the oxygen tanks renewed accordingly 

VENTILATION DATA OF THE CHAMBER 

Good ventilation depends upon the mamtamance of an atmosphere 
of such temperature, humidity and state of motion as will cool the 
human body without chilling it The standard in use under ordinary 
circumstances includes a temperature of from 65° to 70°F , a humidity 
between 50 and 70 per cent, and an absence of drafts of cold air The 
oxygen and carbon dioxide concentrations are no longer considered 
criteria of the hygienic punty of the air as these factors do not play a 
r<5le until long after the atmosphere has become oppressive from other 
causes, such as heat, moisture and odor 

Human comfort is dependent upon the rate of heat production 
within the body and the coohng power of the air There is a constant 
loss of heat from the surface of the body by radiation, convection and 
evaporation Lowering the temperature of the air increases the cool- 
ing power by accelerating radiation and convection, whereas lowering 
the humidity increases the coohng power by accelerating evaporation 
The health, comfort, and physiological efficiency of men exposed to 
atmospheres of varying temperature and humidity have been investi- 
gated by the U S Bureau of Mines in cooperation with the American 
Society of Heating and Ventilating Engineers (5) They have found 
that certain combinations of temperatures and humidites will produce 
the same total body heat loss, by radiation, convection and evapora- 
tion, and therefore the same feeling of comfort and discomfort Lmes 
passing through such air conditions, plotted m the form of a psychro- 
metnc chart, they have designated equal comfort or effective temper- 
ature lines (6) Thus, a temperature of 65°F with a relative humidity 
of 100 per cent is equally as comfortable as a temperature of 70 F 
with 50 per cent relative humidity or a temperature of 78°F with 0 
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a good standard of comfort for office and residential buildings This 
■would ordinarily require an open window or some system of artificial 
ventilation 

The efficiency of the chamber was determined from this pomt of 
view and the data tabulated m table 1 It is seen that the cooling 
power varied betw een 5 8 and 7 3 millecalones per square centimeter 
per second, with an average approximately of 6 5 The cooling power 
is about 1 millecalone higher at the floor than at the roof This is 
explained by the temperature bemg 7 degrees lower at the floor than 
at the roof The relative humidity is about 10 per cent greater at the 
floor due to the lower temperature 


T4BLE 1 

■iir velocity, cooling power, temperature and humidity of oxygen chamber 


Measurement of 

Head-end wall 

Foot-end wall 

Right wall 

Left wall 

1 foot 
from 
roof 

1 foot 
from 
door 

1 foot 
from 
roof 

1 foot 
from 
door 

1 foot 
from 
roof 

1 foot 
from 
door 

1 foot 
from 
roof 

1 foot 
from 
door 

Temperature of dry bulb 

63 0 

55 8 


56 2 

64 0 

56 5 

62 5 

56 3 

Temperature of wet bulb 

54 3 

49 8 

54 0 

50 0 

54 0 

51 0 

54 5 

50 0 

Relatn e humidity 

56 

65 

55 

64 

51 

68 

59 

65 

Dry Lata T 

76 

62 

74 

63 

78 

63 

72 

62 

Wet Lata V 

36 

33 

33 

34 

39 

34 

39 

34 

Cooling pH 


7 3 

6 1 

7 2 

5 8 

7 2 

6 3 

7 3 

E 









— 

0 173 

0 175 


BUB 

0 173 

0 175 

0 180 

0 177 

4>— f 









Velocity, feet per minute 

14 5 

15 5 

16 5 

15 5 

14 5 

15 5 

18 0 

16 5 


Note In each instance measurements were taken 4 inches from the wall at its center 


The heat loss from the wet kata is 12 6 millecalones per square 
centimeter per second The cooling effect according to Hill could be 
roughly analyzed as following 6 millecalones by evaporation, 3 3 
millecalones by radiation and 3 3 millecalones by convection 

In a room which we have tested the dry kata heat loss was 3 mille- 
calones with the window closed The air velocity was too low to be 
measured With the window open the cooling power increased to 6 
and -with the window widely open much higher figures were obtained, 
with parallel increase in wind velocity 

The velocity of air movement m the chamber vaned from 14 5 to 
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the heat loss in millecalones per square centimeter This figure is 
known as the "kata factor,” and constitutes the converting constant 
of the reading of any kata- thermometer in millecalones per square 
centimeter 

Thus, if F equal the total heat loss per square centimeter and T 
equal the number of seconds taken by the kata to cool from 100° to 
95°F in an atmosphere with a temperature t, the heat loss can be 
expressed according to the law of cooling of hot bodies by the formula 

F — K ( 4>—l ) T or m an individual instance, 4> being 36 5, 

F = 0 27 (36 5-17 8) 105 9 = 535, or the Lata factor 

The rate of cooling per square centimeter per second is then given by 

F 

// _ or K in millicalones 

To calculate the wind velocity from the dry kata reading the follow- 
ing formula is used 


= 0 27 + 049 Vv 

V can be determined m meters per second or feet per minute The 
above explanation indicates the method used and will suffice for the 
purposes of this paper A more detailed study may be found in Hill’s 
book or m a recent paper by McConnell and Yaglaglou (8) 

Air movements have been explored by means of mechanical vane 
anemometers and by the inclination from the vertical of paper flags or 
silk threads, or by the drift of small balloons As Hill says, none of 
these methods appreciates as the kata does every eddy, no matter how 
small and brief, which go to make up the sum total of the movements 
which affect the skin "Thus fallacious results may be obtained on 
comparing the air movement in a room ventilated by the plenum 
system, which is more unidirectional in character and affects flags, 
and the movement in a room with open windows in which there are 
eddies, which neutralize any steady mchnation of flags The kata, 
then, seems to be a suitable instrument for measuring the physiological 
efficiency of air movement m rooms ” He believes that a dry kata 
heat loss of 6 millecalones per square centimeter per second constitutes 
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the general mo\ ement of the air in the manner cited may be seen by 
blowing cigarette smoke against the various walls (This experiment, 
it need hardly be cautioned, may be performed only when no oxygen 
has been added to the air ) 

The carbon dioxide is removed as the air comes m contact with the 
soda-lime under the bed The soda-lime box is made of copper screen- 
ing of fine mesh, strengthened by stnps of aluminum 1 inch in width 
Two additional trays have been added to mcrease the speed and area 
of absorption although they are not really necessary Filty pounds 
of soda-lime last appr oxim ately one week It is perfectly feasible to 
place enough soda-lime m the box to last three weeks of continuous 
use without starring or renewing The CO; concentration is main- 
tained below 0 5 per cent, although 1 per cent may be allowed as a 
maximum Wilson soda-lime, 4 to 8 mesh, 15 per cent moisture should 
be employed This is a very efficient carbon dioxide absorber and is 
sufficiently porous to allow the air to pass through it as well as over it 
Fine mesh soda-lime, however, prevents free passage of air and is thus 
unsatisfactory for this purpose 

The condensation of water on the pipes has an additional advantage 
beyond that of maintaining the humidity within normal hunts Odors 
are apt to be condensed with the water, so that the chamber is abso- 
lutely free from all skin odors, as well as those which occur from 
excreta 

The temperature of the chamber may readily be kept 10 degrees 
lower than the atmosphere surrounding it Thus, the room enclosing 
it m the hospital is maintained at 70°F and the chamber at 60°F 
During the summer the water from the faucet may be 8° warmer than 
it is during winter, so that a temperature of 68° to 70°F may obtain 
m the chamber If more cooling is desired the water before entering 
the chamber will be made to pass through a copper coil packed in ice 
No difficulty is anticipated although it has not as yet been used m the 
summer months As a matter of fact, cooling in this type of chamber 
is as easily secured as those employing a unidirectional system of 
ventilation m which the air has to be taken out of the chamber and 
cooled 

The chamber is leak-tight when m use In chambers in which the 
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18 0 feet per minute The margin of error is such as to include these 
variations, so that it may be said that the air velocity is approximately 
16 feet per minute The type of air movement corresponds to the 
window-ventilated room where the cold air comes in at the bottom 
and rises to the ceiling as it is warmed, differing radically from a uni- 
directional system of ventilation In figure 3 a diagrammatic sketch 
is given of the air movement when the coils at the head-end and at 



Fig 3 Direction oe Two Main Convection Currents in Oxygen Chamber 

Indicated by Arrows 


one side are in use The air at the head-end moves downward, 
traverses the floor underneath the bed, ascends the opposite end and 
returns along the roof to the head-end Another current of air passes 
downward from the coils on one side to the floor, passes across to the 
opposite side, ascends to the roof and returns to its starting point 
The heat of the patient’s body is responsible for the warming of the 
air Numerous eddies and cross-currents are naturally present, but 
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namely, at 57°F The dry Lata heat loss or cooling power is 6 mille- 
calones per square centimeter per second The velocity of air move- 
ment is 16 feet per minute 

4 The chamber is transportable It is constructed of aluminum 
and glass panels m such a way as to be easily demounted and assembled 
without destroying its leak-tight property 

5 The operation of the chamber is simple and economical. By 
turning on the water and the oxygen the running of the chamber is 
initiated and maintained The expense of up-keep is six to eight 
dollars a day 1 
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air has to be removed by pumps or fans leaks are apt to develop m the 
connections, the soda-lime containers or the refrigerating apparatus, 
or in the pumps themselves With care these leaks can be removed or 
prevented, but our experience with the ventilation of tents has taught 
us that constant care is necessary In this chamber m which all 
ventilation is secured inside the chamber leaks from this source do not 
occur 

The expense of the chamber is thus limited to the cost of the oxygen 
and soda-lime, which amounts to six to eight dollars a day High 
pressure oxygen is employed (Linde Air Products) A reducing valve 
is used, specially calibrated to dehver oxygen in liters per minute 
(Oxweld Acetylene) Five 220 cubic foot tanks are connected to the 
valve by means of an oxygen manifold 

The chamber has been used m fifteen cases up to the present 
Our intention is not to report the clinical results at this time but merely 
to state that it has proved satisfactory from the various points of view 
mentioned above The management of the patient both from a nurs- 
ing and medical pomt of view is unhampered There is no machinery 
to get out of order There is no source for sparks as no motors or 
pumps are employed The running of the chamber is initiated and 
maintained by turning on the water and the oxygen 

SUMMARY 

1 A new type of oxygen chamber is described in which there is 
adequate removal of carbon dioxide, moisture and heat without the use 
of motors, fans, electrical appliances or artificial refrigerating systems 

2 The inside of the chamber is lined in certain places by aluminum 
pipe which contains circulating cold water from the cold water faucet 
The air m contact with the cold aluminum pipes is chilled, the moisture 
is condensed on the surface of the pipes, and the cool dry air passes 
to the floor of the chamber where the carbon dioxide is removed by 
contact with soda-lime The air is warmed by the heat given off from 
the body of the patient and the process is repeated 

3 Data are presented which demonstrate that the chamber fulfils 
the modem requirements of scientific ventilation Its effective tem- 
perature can be maintained below that ordinarily deemed necessary , 
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I The Blood Volume in Myxedema, with A Comparison op 
Plasma Volume Changes in Myxedema and 
Cardiac Edema 1 2 

By MILLARD OWES THOMPSON 3 

(From the Thyroid Cltnic of t! e Massachusetts General Hospital and the Thorndike Memorial 
Laboratory of the Boston City Hospital) 

(Recti', ed for publication April 2S, 1926) 

I INTRODUCTION AND LITERATURE 

One of the first things that patients with myxedema notice when 
thyroid extract is administered to them, is an increase in water intake 
and urinary output The diuretic action of thyroid substance was 
indeed, one of the first effects of its use observed, and was demon- 
strated as early as 1890 by Leichtenstem (1) Since then several 
observations have been made which support the idea that the thyroid 
gland is a factor in maintaining the water balance 

Gardella (2) m 1910, and Paladino (3) m 1912, both found increased 
viscosity and decreased electrical conductivity of the blood serum in 
dogs and rabbits following thyroparathyroidectomy A few years 
before this, however, Fano and Rossi (4) demonstrated that the vis- 
cosity of serum, while increased from thyroparathyroidectomy m 
animals, was not increased after extirpation of the parathyroids alone 
Kottmann (5) and Deusch (6), several years later, and Neuschlosz 
(7) more recently, reported that increased viscosity of the serum 
occurred m patients with myxedema From refractometnc measure- 
ments, Deusch further concluded that the total protein of the serum is 

1 This paper was read at the meeting of the Society for Clinical Investigation in 
Atlantic City, Mav3, 1926 

: This study was aided b> a grant from the Proctor Fund of the Harvard 
Medical School for the Stud> of Chrome Diseases 

3 Research Fellow m Medicine, Harvard Medical School and Massachusetts 
General Hospital 
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An observation of some interest is that of Wilhelmj and Fleischer 
(14), (15) that thyroxin fed to normal guinea pigs causes an average 
■decrease m surface tension ot plasma of 3 7 dynes and that thyroidec- 
tomy m these animals causes an average increase m surface tension 
of plasma of 5 1 to 5 7 dynes Thyroxin added directly to plasma had 
no effect 

Two years ago Hildebrandt (16) made the very important observa- 
tion that the intravenous injection of 1 mg of thyroxin in rabbits 
after a hunger-thirst period of 14 to 15 hours caused marked hydremia 
with a m axim um in the fifth or sixth hour, at which time the total 
quantity of blood was usually raised 40 per cent above the normal 
(as measured by hemoglobin and red blood cell dilution) Parallel 
to this occurrence there was a large water and salt diuresis The 
normal red count was reached again after 36 hours 

In support of the idea therefore, that the thyroid gland is concerned 
m water balance, there are the following observ ations 

1 Thyroidectomy m various animals causes 

a Increased viscosity of the serum 
b Decreased electrical conductivity of the serum. 
c Increased refractn e index of the serum 
d Decreased water per cent of serum. 

2 Thyroid insufficiency in human beings causes 

a Increased viscosity of the serum 
b Increased refracUve index of the serum. 

3 Intra\ enous injection of thyroxin m normal rabbits produces 

a Marked hy dremia 
b Pronounced water and salt diuresis 

Thus far no direct observations of the total quantity ot circulating 
blood or plasma have been made m disorders of the thyroid gland 
Smce changes m viscosity, refractive index, electrical conductivity 
and water percentage of serum, and changes in hemoglobin concentra- 
tion and red blood cell count may occur without changes m the total 
quantity of serum or plasma it is important to leam whether there is 
a relation between them and disease of the thyroid gland The lact 
that m experiments thus far reported the results all point in the same 
direction certainly suggests and points to the fact that the serum and 
plasma are concentrated m myxedema 
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increased from 5 3 to 9 1 per cent Hammett (8) has suggested that 
this interpretatioh should be accepted with reservations m view of the 
finding of Peterson, Jobling and Eggstem (9) of a progressive increase 
m the non-protein nitrogen and proteoses after thyroidectomy in 
animals and of Etienne, Richard and Roesch (10) of an increase of 
urea nitrogen in the blood m thyroid insufficiency The increase 
m all three factors is, however, more marked m experimental myxe- 
dema and m cretinism than in human myxedema and Deusch's con- 
clusion that there is high serum protem m myxedema is probably 
correct 

Deusch also found the sodium chloride in serum to be within nor- 
mal limits m myxedema and observed httle change m this respect 
before and after thyroid administration From this he concluded 
that salt and water excretion ran parallel with their removal from 
the tissues and that the water content of the serum was therefore un- 
changed by thyroid He concluded that the increase m protem was 
an absolute and not a relative one 

In 1917 Eppinger (11) made an important contnbution to the sub- 
ject when he demonstrated that salt solution injected subcutaneously 
and water given by mouth are absorbed more slowly and excreted more 
slowly in thyroidectomized than in normal dogs, and more slowly m 
normal than in thyroid-fed ones He also observed that m some cases 
of cardiac and nephritic edema when all known methods of causing 
fluid elimination had failed, the a dmini stration of thyroid substance 
produced marked diuresis More recently Danzer (12) has reported 
that giving thyroid substance caused a distinct tendency to rapid 
absorption m three cases of pleural effusion following lobar pneumonia 
The difficulty with such observations is that controls cannot be 
obtained Loeb (13) however substantiates this view m a reference to 
the fact that Hoover found a collection of a certain amount of fluid in 
the peritoneal cavity m guinea pigs suffering from marked inanition, 
while it was absent m the large majority of animals in which the same 
or even a greater amount of inanition was produced through the 
combmed effects of thyroid feeding and diminished intake of food 

Recently Hammett (8) has shown that loss of the thyroid gland in 
male rats 100 days of age, causes a decrease in the water percentage and 
an increase m the refractive index of blood serum 
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cent from the aierage (table 1) All of the calculated total blood 
volumes w ere within 7 per cent of the average Blood for these obser- 
vations was collected in the morning alter a hunger thirst period ol 14 
to 18 hours, but was not preceded by a rest period The results 
serve to illustrate that total plasma and calculated total circulating 

TABLE 1 

The constancy of plasma and calculated total blood volumes tn a normal man 


Age 42 jears, height 166 cm. 






Hemat 

e/cnt 

Plasma volume 

Total blood volume 

Date 

Weight 

R.B C* 

Hb 

Amount 

PcrLBo- 

Amount 

PcrHlo- 






gram 


gram 



miliums 

per uni 

per uni 
cells 

cc 

cc. 

cc. 

cc 


61 4 

4 8 

93 

54 2 

2,585 

42 2 

5,650 

92 2 


60 4 

4 5 

99 

58 6 

2,080 

34 5 

5,030 

S3 5 

■ 

61 4 

4 9 

92 

49 2 

2,555 

41 6 

5,030 

82 0 

mmurm ^ 

62 7 

4 3 

85 

47 2 

2, 775 

44 3 

5,270 

S4 0 

2/ 2/24 

63 4 


94 

50 0 

2,800 

44 2 

5,600 

8S 5 

2/ 7/24 

61 1 

4 7 

91 

49 9 

2,520 

41 2 

5,050 

82 3 

2/15/24 
(12 15 pjn ) 

60 7 

4 6 

100 

49 4 

2,635 

43 3 

5,200 

85 6 

2/15/24 
(1 30 pjn ) 

60 7 

4 8 

98 

50 0 

2,4S0 

41 0 

4,970 

82 0 

2/19/24 
(8 40 a.m ) 

60 4 

4 1 

95 

48 3 

2,865 

47 4 

5,550 

92 0 

2/27/24 
(10 15 a.m ) 

60 9 

4 0 

99 

52 0 

2,730 

44 9 

5,690 

93 5 

2/27/24 
(1 30 pjn ) 

60 9 



51 5 

2,755 

45 2 

5,6S0 

93 3 

3/23/24 

58 9 

4 6 

94 

47 9 

2,510 

42 6 

4,810 

81 8 

4/ 6/24 

59 8 

4 6 

93 

48 6 

2,635 

44 0 

5,125 

85 7 


* In this and the subsequent tables RJ3 C means red blood cells, Hb, hemoglobin* 
B.M.R , basal metabolism rate. 


blood seem to be fairly constant m the same individual under approxi- 
mately the same conditions Several similar results could be cited 
In Lamson’s (20), (21), opinion the Antal red method is accurate for 
measuring plasma volumes, but he states that total blood \olumes 
calculated from hematocrit estimations are not true measures of the 
total quantity of circulating blood because these differ when made on 
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In the fall of 1923, I began to male observations on the plasma 
volume m myxedema This work was mentioned by Means (17) 
m his address before the Association for the Study of Internal Secre- 
tions m May, 1925 Nme patients have been studied, numerous 
observations having been made on each one (except patient 3) while 
myxedematous and while receiving thyroid The cases have consist- 
ently shown the same results and a report now seems justified 

II METHOD 

The plasma volume method of Keith, Rowntree and Geraghty (18) 
was used except that brilliant vital red, as suggested by Evans, was 
substituted for vital red and isotonic sodium oxalate as suggested by 
Hooper et al (19), was used instead of powdered oxalate, to prevent 
dotting This method is generally recognized as bemg accurate 
within 5 per cent In general it proved to be as accurate as this in 
my work Total blood volumes were calculated from hematocnt 
values as determined from cahbrated centrifuge tubes Hemoglo- 
bins, where reported, were done by the Newcomer method I found 
great difficulty m matching colors with this hemoglobm method and 
only the general trend of the values is of any significance 

In all of the patients the blood was collected in the morning and its 
collection was preceded by a hunger-thirst period of 14 to 18 hours 
In all except the first three cases it was also preceded by a rest period 
of at least one-half hour In all except the first two cases withdrawal 
of blood was preceded by a basal metabolism determination done with 
a Roth-Benedict apparatus 

Only typical cases of myxedema were selected for these observations 
and cases of so-called related conditions supposed by some to be of 
thyrogenous origin were omitted Due to the scarcity of untreated 
patients with myxedema, it was necessary to use patients who had 
been previously treated 

HI THE CONSTANCY OE THE PLASMA AND CALCULATED TOTAL BLOOD 
VOLUMES IN A NORMAL INDIVIDUAL 

Of thirteen plasma volume observations made of a normal individual 
over a period of nearly three months, only two varied more than 5 per 



TABLE 2 

Summary of plasma volume and basal metabolic rate changes in nine cases of myxedema 

Average off thyioid Average on thyroid Increase Percentage Increase 

I Plasma volume I Plasma volume I Plasma volume I Plasma volume 






















































482 


STUDIES IN BLOOD VOLUME 


blood from different parts of the body and from the same part under 
different conditions He states, however, that, under basal conditions, 
both plasma and calculated total blood volumes are fairly constant 
quantities and most of my observations in myxedema were made under 
basal conditions Only 3 hematocnt estimations vary more than 3 
per cent from the average of the group (table 1) This is a fairly 
typical example The hematocnt readings of blood drawn before dye 
injection and that on blood withdrawn after dye injection usually 
vaned less than 1 per cent from each other No claim is made to 
accuracy for hematocnts as here determined They appear, however, 
to be accurate enough to show gross changes in the volume of cir- 
culating cells (say 10 per cent and over) under basal conditions 

IV PLASMA VOLUME CHANGES IN MYXEDEMA 

In all of the cases of myxedema, the administration of thyroid sub- 
stance produced a well marked and permanent increase in the plasma 
volume, a decrease in the hematocnt reading and in the red blood 
count In two of the cases the hematocnt value and red count subse- 
quently increased due to an increase in the volume and number of 
circulating cells probably as a result of stimulating the bone marrow 
on admmistenng thyroid extract As a group, when not taking thy- 
roid extract the average of the plasma volumes was low — 35 4 cc 
per kilogram and 1360 cc per square meter, as compared with normal 
values of 42 to 52 cc per kilogram and 1500 to 2000 cc per square 
meter The significant thing is, however, not the average change but 
that observed in each case because the myxedematous level in some 
was within the so-called normal limits The change in these cases was, 
nevertheless, as great on the average as in the others Attention is 
called to the fact that the increase in plasma was absolute and not 
merely relative due to loss of weight Even cases 6 and 8 (tables 
8 and 10), which lost weight when given thyroid extract showed total 
plasma increases of 14 0 and 20 9 per cent respectively It is of inter- 
est to note that the change m total plasma volume m these two cases 
was less, however, than m the other patients who lost less weight Both 
of these patients had slight pitting edema and marked dyspnea on 
exertion The possibility of slight cardiac edema masking the myxe- 
dematous reduction m plasma volume is suggested 
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TABLE 4 

Case of myxedema no 2 
Male, age 37 years, height 161 5 cm 
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STUDIES IN BLOOD VOLUME 
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TABLE 7 

Case of myxedema no 5 
Tern ale, age 42 years, height 157 cm 
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TAIILL 9 

Case of myxedema no 7 
1 unnli, age 42 \turs, height 165 tin 
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6 grains duil\ , October 3 
Decreased to 4J grams dnih 



























TABLE 8 

Case of myxedema no 6 
Female, age 52 jears, height 159 cm 
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TAIILL 11 

Case of in ) xcdciiia no i) 

1 cnmlc, age 39 jenrs, height 157 cm 
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Case of myxedema no 8 
Female, age 61 years, height 161 cm 
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the le\el was as low in ten days as it was in the following ten while in 
patient number 5 it kept slow ly dropping o\ er a period of 5 w eehs and, 
it giving thyroid extract had been w ithheld longer might hav e dropped 
further Plummer and Booth} ( 22) ha\ e estimated that it takes fifty 
to sixt} da} s tor the effects ot a single mtra\ enous injection of thyroxin 
to wear off Fi\e of these patients were without thyroid extract for 
considerably shorter periods than this, it is quite possible that the 
changes in the plasma w ould ha\ e been more marked had the adminis- 
tration been withheld ior a longer time 

Cases previously untreated might show greater changes, as case 2 
illustrates When first seen, she presented the most marked symp- 
toms of myxedema I have ever seen Just after she had started 
9 grains of thyroid extract dady and while her metabolic rate was 
still low, the total plasma was 1850 cc Her \eins were small, 
difficult to distend and puncture, her blood was extremely viscous and 
clotted rapidly The day lollowmg the first plasma \ olume determina- 
tion, her basal metabolism was —19 per cent Tw t o da}s afterward 
the total plasma was 2350 cc The fact that she took 9 grains of 
thyroid extract daily for several days betore the first estimation of 
plasma volume indicates that this v alue may have been WTong, that 
is to say too low The second estimation tw T o days later, however, as 
has been said w as less than that subsequently found e\ en after the 
non-admimstration of thyroid extract for six weeks, after treatment 
with it for six months Under these circumstances the first observa- 
tion then apparently too low may ha\ e been approximately correct 
If so, subsequent determinations represent an increase in plasma 
v olume of at least 62 per cent over the myxedematous lev el 

V'l RELATION BETWEEN PLASMA VOLUME AND BASAL METABOLIC 

RATE 

A parallelism appears to exist between plasma volume and basal 
metabolism (figs 1, 2 and 3 plotted from the data in tables 6, 7 and 10) 

Inasmuch as basal metabolism is a function of surface area, a 
comparison with plasma per square meter is justified In interpreting 
such charts, it must be bom m mind that there is a 5 per cent error in 
both plasma volume and basal metabolic rate determinations and that, 
therefore, only the general trend oi the curves is of significance 
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Patients may show a marked plasma i olume decrease on omission 
of thyroid extract, with practically no change in weight This is well 
illustrated by case 4 

The percentage increase m total plasma over the myxedematous 
level varied from 14 0 to 35 0 per cent, that m the plasma per kilogram 
from 16 2 to 41 7 per cent, and that in the plasma per square meter 
from 17 1 to 37 7 per cent The average increases m the three for all 
nine patients were 22 9, 28 5 and 25 2 per cent, respectively With 
an average basal metabolism increase over the myxedematous level 
of 38 per cent the last seven cases showed average percentage increases 
m total plasma, plasma per kilogram and plasma per square meter of 
23 2, 28 9 and 25 2 per cent, respectively 

I have ascertained the average plasma volume and basal metabo- 
lism figures for each patient both while oh and on the administration 
of thyroid extract, as well as the gross and percentage increases in 
the two over the myxedematous level (table 2) as well as the data 
collected on each individual patient, the order of patients in table 2 
being preserved throughout (tables 3 to 11) 

To prove that the plasma volume mcrease endures as long as treat- 
ment is continued and is not dependent on the elimination of excess 
fluid by diuresis, a study was made of all of the patients in whom a con- 
trol observation was made before omitting the administration of 
thyroid extract, m all of them it was found that a decrease was 
observed after the omission Two of these patients (cases 4 and 5) 
had been treated for 14 and 15 months respectively, but m both the 
omission produced a well marked decrease in plasma volume and sub- 
sequent administration, a return to the previous level All patients 
(except number 3) were followed furthermore, for several months 
after treatment was begun and m all the mcrease m plasma volume 
persisted 

V TIME REQUIRED FOR PLASMA VOLUME REDUCTION TO OCCUR AFTER 
OMISSION OF THYROID EXTRACT 

The tune required for plasma volume reduction to occur after 
omitting the administration of thyroid extract vanes considerably 
from individual to individual In all of the cases a well marked change 
had occurred within ten days after omission In patient number 4 
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At the suggestion of Dr Means, these data of the seven cases have 
been plotted (fig 4) For each patient represented in figure 4, a 
point was plotted for the average without thyroid extract administra- 
tion and another for the average with treatment, these points have 
been connected with a straight lme (fig 5) 

This figure gives at first the impression of a striking parallelism 
between the seven lrnes When inspected closely, however, it will 



TIME IN DAYS 

Fig 3 Case of Myxedema No 8 

These curves likewise show parallelism, between BMR and plasma per square 
meter Thyroid extract a dminis tration omitted about three weeks before the 
first recorded observation 

be observed that there are differences in the reactions of different 
patients These are related neither to the differences in basal meta- 
bolic rate nor to those m maintenance dosage of thyroid extract They 
are probably manifestations of individual variation and represent 
fundamental differences m human constitution They may be 
likened to the marked variations in the extent of anhydremia produced 
by the same dose of insulin in different rabbits ot approximately the 



0 10 20 30 80 W M 

TIME IN DAYS 

Fig 1 Case of Myxedema. No 4 

Black area in tins and subsequent figures denotes the period of thyroid medica- 
tion The curves show striking parallelism between basal metabolic rate (B M.R ) 
and plasma per square meter Thyroid extract administration omitted at begin- 
ning of chart 


m m 


0 20 40 60 120 180 IW 

Time in Days 

Fig 2 Case of Myxedema No 5 

These curves also show parallelism between B M R and plasma per square 
meter Note the slow fall on omission of thyroid extract therapy and rapid rise 
on administering it Inasmuch as several B M R observations on 6 grams thy- 
roid daily ranged from —3 per cent to +3 per cent, one observation of +22 per 
cent on this dose is undoubtedly high and is connected to the others by dotted lines 
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tain the normal basal metabolic level in patients with myxedema who 
show about the same reduction In basal metabolism 4 



Fig 5 The Relation of B 31 R to Plasma fee Sqc are -Meter is Shows is 

all the Cases 


For each case represented in figure 4, a mark has been plotted lor the average 
B hi R. — plasma per square meter point when free trom, and another during, 
thyroid extract administration, the two are connected by a straight line 

4 It is not implied that basal metabolism and plasma xolume always increase 
together There are no doubt different types ot accelerated and diminished 
cellular activity For example, the oxygen consumption is increased in fexer, 
but evidence thus tar collected suggests that the blood is concentrated- 
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same weight (Drabkin and Edwards (23)), to the marked variation in 
the seventy of myxedematous symptoms in different patients with 
essentially the same reduction in basal metabolic rate and to the 
marked variation in the amount of thyroid substance required tomain- 



Fig 4 BMR vs Plasma per Square Meter All Cases 

Observations on case 3 shown by black triangles 
Observations on case 4 shown by dots 
Observations on case 5 shown by squares 
Observations on case 6 shown by circles 
Observations on case 7 shown by Crosses 
Observations on case S shown by white triangles 
Observations on case 9 shown by pluses 
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four times the maintenance dose produce only slightly greater increases 
in plasma volume and basal metabohsm than the maintenance dose 
(figs 6 and 7) One observes the abrupt change m direction ol the 
two lines when the dose is pushed beyond the maintenance dose 



These curves likewise show the effect on B MJR and plasma volume ot increas- 
ing do=e of thyroid extract bej ond the maintenance do^e The BUR on 6 
grains dail> represents onlj one ob=erv ation and is probablj high inasmuch as one 
of the three B if R observations on 4$ grains dail> was —23 per cent. 

Yet, in spite ot httle change m plasma volume or basal metabohsm, 
these patients would olten complain ot precordial pain, palpitation 
epigastric cramps and dysmenorrhea One woman (case 7) whose 
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VII THE RELATION BETWEEN TILE DOSE OF THYROID EXTRACT 5 * * * 9 AND THE 
DEGREE OF PLASMA INCREASE IN THE SAME INDIVIDUAL 

It is striking that once the basal metabohsm has been restored to 
its normal level, increases in the dose of thyroid extract up to three and 



average of at least two observations 

5 Burroughs Wellcome and Company’s thyroid extract was used throughout this 

uork, except for the first four weeks m case 8, during which Armour’s 1 grain 

tablets were used In the last six patients Burroughs Wellcome and Company s 

thyroid preparation was used in 1§ grain tablet strength only In cases 8 and 

9 oral thyroxin in large doses was used without effect on basal metabolic rate or 
plasma volume, whereas thyroid extract subsequently produced a prompt and 
sustained increase in both Twenty milligrams of thyroxin were injected intraven- 
ously in case 9, while she u'as myxedematous A well marked increase m basal 
metabolic rate and plasma \oluire occurred, the data being recorded in table 11 



TAULl 12 

luffed of tlnriid c\lruil administration on basal metabolic rate and plasmy volume in a normal individual 
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auricles were fibrillating and whose maintenance requirement was 
74 grains daily had an attack of unconsciousness (probably Stokes- 
Adams) 0 on two occasions when the dose was increased to 12 grams 
daily She had had none before and has had none since 

One may compare the difficulty experienced m raising basal metabo- 
lism and increasing plasma volume once the basal metabolism is 
normal with the difficulty encountered in raising both in a normal indi- 
vidual by giving thyroid extract (table 12) This individual probably 
belonged to the so-called “low rate” group of patients She showed 
only a shght increase in basal metabolism and a suggestive slight 
increase m plasma volume on taking 44 to 6 grams of thyroid extract 
daily Yet she had precordial pain, palpitation, epigastric pam and 
severe dysmenorrhea, all of which disappeared when the administra- 
tion was stopped 

Data were collected also from a postoperative exophthalmic goitre 
patient who may be regarded as approximately normal (table 13) 
The data begin to be recorded about four months after a subtotal 
thyroidectomy, that is to say, after the weight had become stationary 
Iodine (Lugol’s solution) was first given for about 5| weeks The 
basal metabolism on iodine treatment dropped shghtly to a stationary 
level around —5 per cent Thyroid extract was then adnnmstered 
in slowly increasing doses over a period of about 2 \ months The 
patient was given 13^ grams daily for approximately one and one- 
halt months There occurred a shght increase m basal metabolism 
(18 points) and possibly a shght increase m plasma volume (1560 cc 
per square meter to 1670 cc per square meter) The patient experi- 
enced no toxic symptoms on 13^ grams of thyroid daily a dose suffi- 
ciently large to produce intoxication m most patients with myxedema 
These last two patients illustrate what appears to be a matter of im- 
portance, namely, variations m the amount of thyroid extract re- 

c It is of interest in this connection that Wiilius (48) recommends the use of 
small doses of thyroid extract (1 to 2 grams daily) in the treatment of the Adams- 
Stohes sv ndrome and that Aub and Stern (49) report that the daily administration 
of 2S grams of Burroughs Wellcome and Company’s thyroid extract for several 
weeks produced no cardiac symptoms in a patient with complete heart block, m 
spite of an increase in basal metabolism to +47 per cent 
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auired to produce intoxication in different normal individuals 7 It is 
significant that when one plots the basal metabolism and plasma per 
square meter against the dose of thyroid extract for the patient after 
thyroid operation (table 13, fig 8) one gets the same type of curves as 
is seen in figures 6 and 7 after the maintenance dose of thyroid is 
reached 

Other cases could be cited These are sufficient, however, to illus- 
trate that once a patient with myxedema has been given sufficient 



Fig 8 

These Curves present the record of a case of exophthalmic goitre during a period 
of thyroid extract therapy beginning four months after a subtotal thyroidectomy 
(Table 13) 

FTote that the abrupt initial rise (maintenance do^ej seen in figures 6 and 7 is 
lacking 

thyroid to maintain a normal basal metabolism and plasma volume, 
one is dealing with an essentially normal individual When the dose 
of thyroid extract is further increased up to two or four times the 
maintenance dose, the increases in basal metabolism and plasma vol- 

7 It is realized, of course, that po^t operativ e patients with exophthalmic goitres, 
although not grosslv myxedematous, may possibly require more thyroid extract 
before they become toxic than normal individuals This may account in some 
measure for the difference, but probably not completely 
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se\en months and was then omitted lor about six weeks (May 14, 
1924, to June 27, 1924) During this period the average plasma 
volume was 2615 cc Observations made from July 3, 1924, to Sep- 
tember 29, 1924, while taking thyroid extract show an av erage hemato- 
crit value of 35 6, an average red count of 3 9 millions and an average 
blood \ olume of 4600 cc Let is be assumed that the plasma volume in 
the myxedematous state before she received thyroid extract was the 
same as it was when its administration was omitted, namely, 2615 cc 
This, with an hematocrit value of 26 5 gives a total blood volume of 
3560 cc., or 1140 cc less than the total volume after she had reached 
an equilibrium on thyroid extract treatment This seems a conserva- 
tive estimate, smce the first two plasma volume observations of 1850 
and 2350 cc (although questionable, as stated on page 497) would 
give still lower total blood volumes for her original myxedematous 
condition 

Case 2 (table 4) presents a second example It was possible to 
withhold thyroid extract from this patient for a period of ov er three 
months (January 7 1924 to April 16, 1924) It will be observed 
that although the hematocnt reading increased at first, towards the 
end ot the period it decreased shghtlv Then alter medication began 
again (April 16, 1924) there occurred following a further decrease, 
an increase which set in about one month later and gradually became 
more marked during the following four months II the av erage ot the 
last three total blood volumes (March 22, 1924, to April 14, 1924) 
when he was not taking thyroid extract be compared with the 
average of the last five (August 14, 1924, to September 11, 1924) 
during its administration, an increase m total blood v olume of 1245 cc 
will be observed The data suggest that the original cell volume was 
less than when treatment was subsequently omitted, considering that 
the red count on admission averaged between 2 0 and 3 0 millions as 
compared with 4 0 millions during the untreated period beginning 
January 7, 1924 The change of 1245 cc m total volume is one 
actually observed and is probablj less than the change that would 
hav e been recorded had observations been made before thyroid therapv 
was begun 

Case 6 had been without thyroid extract lor two months when last 
admitted to the hospital The total volume (5 observations made 
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umc are proportionately much smaller than those produced by the 
maintenance dose and are ot the same magnitude as the changes pro- 
duced m both by giving thyroid extract to a normal individual This 
phenomenon is probably fundamental and seems to be the result ol 
calling into play some defense mechanism, some one of the body’s 
factors of safety to deal with excess 

VIII CHANGES IN TOT XL BLOOD VOLUME 

In untreated cases of myxedema a well marked secondary anemia 
with a hemoglobin of about 60 per cent and a red blood cell count of 
between 3,000,000 and 4,000,000 is the rule rather than the exception 
and has been emphasized by numerous observers including Minot (24), 
Emery (25), and recently McKunde (26) She found a decrease 
in hematocrit values in experimental myxedema in rabbits from 30 
to 31 per cent to 23 to 24 per cent, and a reduction in hemoglobin of 
30 to 40 per cent This reduction in hematocrit value does not repre- 
sent the total reduction in volume ol circulating cells because there 
was probably also a reduction m plasma volume Even if the plasma 
volume is concentrated only 15 per cent as the result of thyroidectomy, 
then an hematocrit reading of 23 really is too high and represents one 
of 19 5 based on the original quantity of plasma If the original hema- 
tocrit value were 30 this would represent a reduction m volume of 
circulating cells of over one-third and m total blood volume of over 
one-fifth, reductions which may fairly be assumed 

The reduction m red count and cell volume following the omission 
of thyroid extract administration is a slow one, the first response is 
in fact an increase due to plasma reduction It is manifestly unfair 
to keep patients with myxedema off the administration of thyroid 
extract long enough to allow the red count and cell volume to be 
lowered There is evidence., however, m the data presented which 
allows one to draw justifiable conclusions about changes in total blood 
volume 

For example, consider again case 1 (table 3) Her hematocrit 
reading just after starting the administration of thyroid extract but 
before the drug had had any effect, averaged 26 5, with an average 
red count of 3 1 millions. Thyroid extract was administered for about 
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and Bock (27)) Bolton produced marked edema by reducing the 
lumen of the inferior vena ca\ a to one-third m cats Myxedema, on 
the other hand, probably has a much more complex mechanism as a 
result of changed osmotic relations between plasma and tissue cells 
This subject is discussed later in greater detail 
In cardiac edema as the weight increases the total plasma increases, 
whereas in myxedema as the weight increases the total plasma de- 
creases This is dlustrated m figures 9 and 10, where the weight 
cun es and total plasma volumes are plotted for a case ot cardiac edema 
and case 5 with myxedema The data for figure 9 w ere collected from 



Fig 10 Case of Myxedema Xo 5 

These curves show decrease in plasma volume with increase in weight and 
increase m plasma volume with decrease in weight in contrast to those in cardiac 
edema (fig 9) 

a case of chrome myocarditis which I was fortunate enough to observ e 
while fully compensated, during the progress of edema and as edema 
was subsiding 8 

Another point of interest in cardiac edema is that the osmotic 

3 There is considerable evidence m the literature to support m> findings in 
cardiac edema As earl} as 1884 Oertel (29) taught that in cardiac edema, hjdre- 
mic plethora was present Stintzing and Gumprecht (30) found hj dremia not onh 
during the height of drops} , but also at the onset Askanazj (.31) concluded from 
his observations that the blood serum was alwajs diluted, dilution depending upon 
the extent of the drops} Bolton (32) lound a well marked increase in blood vol- 
ume m animals in experimental!} produced "drops} ” 



510 


STUDIES IN BLOOD VOLUitC 


from July 29, 1925, to August 7, 1925) averaged 4270 cc before the 
administration of thyroid extract was started August 7, 1925, and the 
5 last observations, made in the fourth month after startmg treat- 
ment averaged 4895 cc an increase of over 600 cc 
From such data, together with experimental observations in ani- 
mals following thyroidectomy, it appears that increases in total 
blood volume of one-fourth over the myxedematous level (l e , 800 
to 1000 cc of whole blood in human beings) are not uncommon 


"TOTAL 



TIME IN DAYS 

Fig 9 Cardiac Edema 

These curves show increase and decrease in total plasma volume with increase 
and decrease in edema (represented by weight curve) 

IX A COMPARISON OP MYXEDEMA AND CARDIAC EDEMA 

Myxedema and the edema of heart disease represent two totally 
different types of edema and, by comparing them, some light is thrown 
on the nature of both In cardiac edema, the excess tissue fluid is 
chiefly intercellular and the skin pits on pressure In myxedema the 
excess tissue fluid is chiefly intracellular and the skm does not pit on 
pressure Cardiac edema may be explained on the basis of an in- 
creased capillary filtration pressure due to venous congestion (that is 
to say, this may be the underlying cause of all blood and tissue 
changes) Indeed, when one stands at the position of attention for as 
long as an hour, the cardiac output decreases, the venous pressure rises 
and a measurable increase occurs in the diameter of the calf (Field 
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injected Differences in the depth ot injection areunatoidable Im- 
tation ot a sensitn e skin otten masks the end point I has e, how e\ er 
se\ eral observations m four cases under and without the influence 01 
thyroid extract and I present the as erages in each case The} consist- 
ent show a more prolonged disappearance time before or in the in- 
ters al of thyroid omission than during the period ol administration 


Ca-e numb r 

\\erug- without thyroid extract 

Avercg* on thyroid extract 


mtnuUs 

tztru ei 

4 

67 

40 

5 

71 

56 

6 

122 

95 

9 

63 

44 


It is mteresting to notice that m all other types ot edema Aldrich 
and McClure found the disappearance time markedly diminished 
The wheals usually disappeared m 7 minutes or less oser markedly 
edematous areas Although the time was usually greater in non- 
edematous than in edematous areas ot the same patient, the time m 
non-edematous areas of edematous patients svas usually much less 
than the normal of 50 or 50 plus min utes In a case ol nephrosis at 
this hospital it s\ as observed that m the legs svhere edema was marked 
the wheals disappeared in 1 to 2 min utes svhereas m the arms where 
no pittmg edema was present the wheals took 12 to 14 minutes to 
disappear Obviously this rapid disappearance m edema cannot be 
due to capillary absorption for the tollowing reasons 

1 The blood has a low osmotic pressure (as reierred to protem) and 
can not properly absorb fluid from the tissues Yet the wheal otten 
disappears at 40 to 50 times the normal rate 

2 Differences m the chemical composition of blood sufficient to 
account for differences m disappearance time ot 6 to 14 times are not 
known to exist 

3 The disappearance time increases as edema subsides, a relation 
just the opposite of what one would expect it disappearance were due 
chiefly to absorption by the blood 

One could account for the differences m disappearance time in 
myxedema before and after the administration of thyroid extract on 
the basis of changes m the rate of blood flow assuming that the dis- 
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pressure of the serum as referred to protein is low (Gavaerts (28)) 
whereas the data in myxedema thus far collected suggest that the 
serum protein is high Inasmuch as hunger edema is also character- 
ized by low serum protein and massive pitting edema, Obemdorfer’s 
(1) finding of a markedly diminished weight of the thyroid gland m 
this condition appears to be of no consequence from the standpoint 
of etiology of the edema 

X THE EFFECT OF THYROID ADMINISTRATION ON THE PLASMA VOLUME 

IN CRETINS 

A few observations on three cretins have been collected Two of 
these (aged 4 and 5 years) showed practically no change after taking 
fairly large doses of thyroid extract for two to four weeks The 
third case (aged 7 years) showed a 14 per cent increase, in total plasma 
after receiving 3 to 4 grains daily for three weeks There are, how- 
ever, not enough data to draw conclusions from These findings 
are interesting in view of those of Hammett (50) that thyroidectomy m 
male rats 75 days of age produced much less increase in refractive 
index and much less reduction in water percentage of serum than it 
did m sexually mature male rats 100 days of age 

Young rabbits when thyroidectomized show reductions in hemato- 
crit values which are less marked than those shown by mature rabbits 
(McKunde) An increase m hematocrit readings on giving thyroid 
extract has been observed in human cretinism (Talbot (33)) 

XI THE RATE OF DISAPPEARANCE OF INTRADERMALLY INJECTED SILT 

SOLUTION IN MYXEDEMA BEFORE AND AFTER THYROID 
EXTRACT ADMINISTRATION 

The Aldnch-McClure intradermal skin test (34, 35) was used 
Sodium chloride solution (0 2 cc of an 0 8 per cent) was injected mtra- 
dermally in two places about 2 cm apart on the flexor surface of each 
forearm a little below the bend of the elbow The time at which an 
elevation ceased to be palpable on gently rubbing the finger over the 
point of injection was taken as the end pomt of the period of absorp- 
tion I do not consider the test of much value Leakage, no matter 
how careful the technique, causes variation in the amount of fluid 
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In comparing my\edema with cardiac edema it was suggested 
that the mcreased tissue fluid m myxedema was probably for the 
most part intracellular Tatum (38) has shown that m experimental 
cretinism in rabbits, w hile there is a varying amount of intercellular 
serous deposit, the greater changes are m the cells He demonstrated 
that there were hydrophic changes m cells of the heart, hi er, kidney, 
smooth and striated muscle These experiments then give evidence 
to the effect that there may be mcreased water content ol tissue cells 
That the water content of the tissues is mcreased m myxedema is a 
generally accepted fact Recently McKunde has reported that the 
water content of dried fat-free tissue m thyroidectomized rabbits is 
higher than normal and that they lose weight and water when fed 
with thyroid extract Hfldebrandt has shown that the intravenous in- 
jection of thyroxin m rabbits causes not only a loss ol water irom the 
tissues but also of salt It is, moreover, generally admitted that the 
secretion of the thyroid gland stimulates sodium chloride metabolism 
In myxedema there are then two phases m close association , first a 
reduction m the total quantity of circulating plasma, and second an 
increase in water protein, and salt in the tissues It is my opinion 
that both these phenomena are merely by-products of the funda- 
mental change which thyroid insufficiency produces m the activity 
and chemical composition of tissue cells 
It is interesting m this connection to refer to the work of Barbour 
and Hamilton (39), (40), (41) who haxe demonstrated that cold 
produces blood concentration, and heat blood dilution, and that in 
cold anhydremia there is an increase in the water content of skin and 
muscle They have not demonstrated whether this mcreased tissue 
water is mtra- or extracellular The idea is suggested, howe\ er, that 
cold and thyroid insufficiency may produce similar types ot slowed 
cellular metabolism and that a by-product of both is probably an 
mcreased osmotic pressure of tissue cells 

Ellinger (42) beheves that the influence of thyroid extract on the 
viscosity of blood serum is mdependent of the albumen content of 
the latter, and that m this respect its action is similar to that ol caffeine 
and other diuretics 

Loeb (43) reports that Embden and his associates found that thy- 
roid extract, when added to certain substances increases the rapidity 
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appearance m this case were chiefly the result of absorption by the 
blood Until we know more precisely, however, what the mechanism 
of disappearance is, it is useless to say more on the subject The 
results illustrate one more difference, nevertheless, between myxedema 
and all other types of edema Pilcher (36) on injecting codem m- 
tradermally noticed that the injection wheals disappeared more 
rapidly than normal m a case of myxedema and m one cretin, as 
well as in other types of edema It is important m such instances, 
however, not to confuse irritation with diffusion and absorption 
phenomena 


Nil DISCUSSION 

Magnus-Levy (37) showed that there was accumulation of albumen 
in the tissues in myxedema and thought that some of the increase 
was intercellular Eppmger (11) assumed that this phenomenon 
was the cause of edema in myxedema by virtue of the affinity of 
albumen for water and salt He inclined to the view, that in 
edema of this type intercellular albumen was a more important 
constituent than intracellular albumen and based this conclusion on 
the fact that when isotonic salt solution was injected subcutaneously 
m myxedematous dogs, protein became mixed with it whereas this 
did not occur m normal dogs In his opinion protein admixture was 
responsible for slow absorption Eppmger believed m fact that in- 
creased tissue albumen accounted for all types of edema Boothby 
et al (51) confirmed the observation of Magnus-Levy and showed 
that the nitrogen-water ratio of the weight lost by one normal and 
by each of two myxedematous individuals as a result of intravenous 
thyroxin administration was 1 9, 2 0 and 1 9 per cent respectively 
These authors, therefore, concluded that the edema of myxedema 
‘ corresponds apparently to an increase in the reserve or deposit 
protein” and “is an albuminous colloid fluid with a nitrogen-water 
ratio higher than the average of 1 1 per cent for human blood 
serum and identical with that of egg white which contains approx- 
imately 2 per cent nitrogen, and definitely less than that of muscle 
which contains over 3 per cent ” They emphasized the fact that 
on the contrary the nitrogen content of the edema of cardiac or 
renal origin is only 0 05 to 0 001 per cent, a negligible amount 
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In bnet, the reduction in plasma \olume in myxedema is associated 
with an accumulation of albumen, water and salt in the tissues It is 
a debatable pomt as to how much of this increase is intercellular and 
how r much intracellular Eppmger’s finding ot a protem admixture 
m subcutaneously injected isotonic salt solution m myxedematous 
dogs, suggests that a considerable part of the mcrease may be inter- 
cellular On the contrary the contrast between myxedema and car- 
diac edema, together with Tatum’s finding of an hydropic condition 
of various tissue cells m thyroidectomized rabbits, indicate that the 
larger part of the mcrease may be intracellular A factor m these 
changes may be diminished permeability ot cell membranes The 
fundamental cause of all the blood changes how T e\ er, w ould appear to 
be a decrease m the rate of metabolism ot tissue cells, with a diminu- 
tion in the demand for oxygen and carbon dioxide transport The 
decreased quantity of circulating medium and the reduction m minute 
volume of the heart seem to be adaptations of the circulatory sy stem 
to this diminished demand I have suggested that the slow ed cellular 
metabolism may mcrease cellular osmotic pressure, but the xanous 
steps m the process by means of which water is slowly withdrawn irom 
plasma and stored up in the tissues, are yet to be worked out 

Mill SUMMARY AND CONCLUSIONS 

In nine patients with myxedema the total plasma volume increased 
on the average 22 9 per cent, the plasma per kilogram 28 5 per cent, 
and the plasma per square meter 25 2 per cent, when given thyroid 
extract 

From observed and calculated increases in total blood volume, it 
is estimated that the a dmini stration ot thyroid extract in myxedema 
not infrequently produces total blood volume increases of 25 per cent 

The plasma decrease on omission ot thyroid extract and the mcrease 
on administering it, occur much more rapidly than the same changes 
in the volume of cells Plasma reduction is usually well marked within 
ten days alter omitting the drug 

A parallelism exists m myxedema between basal metabolism and 
plasma volume 

Once the basal metabohsm has been restored to normal, lurther 
increases in the dose of thyroid extract up to four times the mamte- 
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with which the latter pass in vitro through a membrane of frog’s shm 
He also reports that “Recent experiments in Asher’s laboratory have 
shown that under the influence of thyroid, methylene blue passes more 
rapidly Irom the body fluids into glandular structures m the membrane 
mctitans of the frog Thyroid extract would thus appear to have an 
effect opposite to that of calcium chloride and adrenalin ” In view of 
such reports one must admit that altered permeability of cell mem- 
branes may play a rdle m the effect of thyroid extract on fluid distribu- 
tion in myxedema, but it would appear to be a minor rdle and to 
be explicable on the theory that cell membranes share in the general 
myxedematous condition 

Means (17) has well remarked that “However obscure the function 
of the endocrine glands may be, we can agree, I think, that they are 
all concerned in one way or another, direct or indirect, with metabo- 
lism If the secretions of endocrine glands influence cell 

activity, they must also influence the supply of the medium upon 
which such activity depends ” We know that insulin produces a well 
marked anhydremia, that adrenalm causes some anhydremia and that 
pituitrin has a marked effect on water elimination Krogh (44) 
indeed thinks that it decreases capillary permeability 

Means also referred to the observation of Bock and Field (45) that 
in myxedema the administration of thyroid extract markedly increased 
the minute volume of the heart, initially very low He referred to 
the reduction in the volume of blood and in cardiac output as manifes- 
tations of the variation in the supply of circulating medium with the 
demand Daly (46) has shown that mere increases in the volume of 
blood, other things bemg equal, increase the cardiac output As 
already stated, I have observed an increase of 1245 cc m total circu- 
lating blood in one patient and have calculated that it must have been 
about this great m another The value of such increases from the 
standpoint of hemodynamics is obvious It is indeed, quite striking 
that the secretion of the thyroid gland with its marked influence on 
oxygen consumption should produce such marked changes in the car- 
riers of oxygen and carbon dioxide As Barcroft (47) has so well put 
it “The blood volume should be regarded not as aliquot part of the 
body weight but as a physiological variable which is adjusted to the 
work required of it 
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nance dose produce proportionately much smaller increases in plasma 
volume and basal metabolism than the maintenance dose 
The plasma volume changes m my\edema are contrasted with 
those m cardiac edema in winch plasma volume increases with increas- 
ing edema Other differences in the two are noted 

In particular I wish to thank Dr James Howard Means for his 
mterest m this work and for help m the preparation of the manu- 
script I also wish to thank Dr Francis W Peabody for giving me a 
place to work while I was a house officer 
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ixtroduchox 

The tnose, dihy droxy r acetone, has been known for man} years, 
but its experimental study has been restricted due to difficulty in 
obtaining the chemical in sufficient quantity' Fischer (1) prepared 
dihydroxyacetone synthetically, the first step being the formation of 
a acrose by condensation from formaldehyde which by oxidation with 
bromine w as changed into a mixture of gly ceric aldehyde and dihy- 
droxyacetone He further suggested that by treatment with alkalies 
condensation would take place to hexoses Another and the com- 
moner method of preparation was by r bacterial action upon glycerol 

Theoretical considerations ha\ r e been ad\ anced by Buchner and 
Meisenheimer (2), and by Embden, Schmitz, and Wittenberg (3) 
to the effect that dihydroxyacetone is probably a normal product 
in the intermediary metabolism of carbohydrate The former think 
that it is a product formed early r in the fermentation of glucose, while 
the latter beke\e that fructose (leAidose) is normally split into d-gly- 
cenc aldehyde and dihydroxyacetone More recently Woody att 
(4) has stated that the tnoses are probably normal intermediates in 
carbohydrate metabolism 

1 The dih\drox> acetone emploied m this work was made b> Farbwerhe \ 
Meister Lucius and Bruning, Hoechst a Mam, and was supplied gratis b> the 
Mallinckrodt Chemical Morhs, Ltd MontreaL 
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gastro-intestinal disturbance, and e\en when taken in large doses 
(150 grams per day ) has shown no evidence of renal irritation Ex- 
periments indicate that it is absorbed slowly by the rectum, and that 
w hen given intravenously up to 25 grams it is well tolerated 

In 1924 Isaac and Adler (8) published a communication showing 
blood sugar cunes m normal and diabetic individuals after the ad- 
ministration of 25 to 50 gram doses of dihydroxyacetone by mouth 
These were compared rath curves obtained in the same patients after 
equal quantities of glucose The results were uniform and showed 
that in normal people there was no rise in the blood sugar after such 
doses, while in diabetics the rise was ol a much less degree than after 
a similar dose of glucose This was confirmed by Rabinowitch (11), 
who also reported one respiratory quotient curve in a mild diabetic 
after 100 grams of dihydroxyacetone by mouth A rise of the R Q 
from the basal level of 0 706 to 0 817 was obtained in two hours 

The work reported m this paper was undertaken to determine the 
effect of dihydroxyacetone upon the respiratory metabolism of normal 
individuals A senes of five normal patients were chosen from the 
general medical wards who had an undisturbed carbohydrate toler- 
ance Four of the five dihydroxyacetone experiments were controlled 
by a similar one using the same quantity of glucose 

EXPERIMENTAL METHODS 

The respiratory experiments were all conducted under like circum- 
stances with the patient in the basal state dunng the morning hours 
A preliminary basal hour was ob tamed as a base line, at the end of 
which the glucose or dihydroxyacetone were given in one dose unless 
otherwise stated, this being lollowed by hourly observations for the 
next three to four hours The fluid intake amounted to 200 cc per 
hour Expired air was collected for ten minute periods m a Douglas 
bag, during the last ten minutes of the basal hour, and, after the 
ingestion of the glucose or dihydroxyacetone, dunng the final ten 
minutes of the thirty-minute one-hour, two-hour, and three-hour 
periods After a preliminary emptying of the bladder at the start ol 
the basal hour, urines were collected hourlv and the urinary nitrogen 
determined in duplicate by the Gunning modification of the original 
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That dihydroxyacetone is promptly absorbed and under certain 
circumstances readily converted into glucose is well known Lusk 
(5) has shown that all the tnoses are quantitatively converted into 
glucose in a phlorhizimzed dog, and Ringer and Frankel (6)confirmed 
these findings using a nine gram dose of dihydroyyacetone adminis- 
tered subcutaneously Carbon determinations in their experiments 
also confirmed its complete conversion into glucose Embden (3) 
has further shown its conversion into glucose by liver perfusion That 
the tnoses, including dihydroxyacetone, are glycogen formers has 
been shown by Mostkowski (7) Isaac and Adler (S) stated that in 
rats and mice after dihydroxyacetone feeding there is more glycogen 
in the liver than after similar feeding with glucose 

The relation of dihydroxyacetone to lactic acid formation is not 
clear Apparently the muscles, muscle juice, and red blood cells can 
convert dihydroxyacetone into lactic acid (Embden, Baldes, and 
Schmitz (9), Woodyatt (4)) Isaac and Adler (8) have shown that in 
cases with a disturbance of liver function after the ingestion of dihy- 
droxyacetone the blood lactic acid rises to a higher level than in indi- 
viduals with a normal liver function This might indicate difficulty 
in forming glycogen and is supported by the fact that with liver disease 
the blood sugar rises after the ingestion of dihydroxyacetone, a finding 
which is absent in normal individuals They have also noted after 
giving dihydroxyacetone and insulin that the blood lactic acid and its 
urinary excretion increase much more than after a hke dose of glucose 
and insulin, and that there is an associated fall in the blood sugar 
These findings have been obtained m both normal and diabetic indi- 
viduals From this they argue that dihydroxyacetone, under the 
influence of insulin, is not completely changed into glucose but that 
it is involved in the process of formation of lactic acid by the liver 

That dihydroxyacetone is antiketogenic would appear from the 
paper of Ringer and Frankel (6) in which phlorhizmized dogs were 
used More recently Rabmowitch (10) has reported a case of diabetic 
ketosis treated with dihydroxyacetone where an antiketogenic action 
was observed 

The chemical dihydroxyacetone is a white crystalline substance 
with a slightly tart taste It dissolves readily in water Apparently 
it is absorbed promptly after being taken by mouth, fails to cause any 
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droxy acetone e\ery hiteen minutes for two hours produced a slightly 
delayed nse, the maximum respiratory quotient being attained at the 
end of the hrst hour The subsequent drop w as of the same character 



Fig 1 Representing Graphicalia the Non -Protein Respirators 
Quotient and Blood Sugar Time Curves in the Exper imen ts Recorded 

in Table 1 

Experiments 1, 6, and 8 are after 25 grams of glucose, experiment 4 is after 50 
grams of glucose Experiments 2, 7, 9 and 10 3re following 25 grams of dihv- 
droxj acetone, experiment 5 is after 50 grams ol dihj droxx acetone 

with the same increment decrease as m the case of experiment 2, when 
25 grams of dihy droxy r acetone were given In four ol the cases the 
observations were controlled by the ingestion ol a like dose of glucose, 
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Kjehdahl technique A blood sample was taken at the end of the 
basal hour, again m one-half hour, one hour, two hours, etc , and the 
blood sugar determined by the method of Folm and Wu The 
expired air was measured in a wet meter and samples were analysed 
in duplicate by a modified Henderson-Haldane gas analysis apparatus 
For the qualitative determination of the presence of dihydroxyacetone 
in the blood and urine the observation that dihydroxyacetone will 
reduce an alkaline copper solution m the cold -was employed In 
addition a test that Pinoff developed for determining the presence of 
levulose was used as well It is based on the reduction of ammonium 
molybdate to an oxide m an acid solution when a blue color is produced 
(Miller and Taylor (12)) The calculation of the non-protein re- 
spiratory quotient was made by subtracting from the total respiratory 
carbon dioxide and oxygen the protein carbon dioxide and oxygen 
In the production of one gram of urinary nitrogen 5 91 liters of oxygen 
are consumed and 4 76 liters of carbon dioxide are given off The non- 
pro tern respiratory quotients based on the gas collection of the first 
thirty minutes of the test period were corrected as for the urinary 
nitrogen of the complete hour The estimation of the non-protem 
calories was made according to the tables of Zuntz and Schumberg as 
modified by Lusk (13) The factor used for the conversion of car- 
bohydrate calories into grams was 3 74, thereby expressing combustion 
in terms of glucose In the experiments where dihydroxyacetone was 
present in the unnes the amount is expressed m terms of glucose 

EXPERIMENTAL FINDINGS 

A study of the data obtained m five normal individuals, as sum- 
marized m table 1, and depicted graphically m figure 1 shows that 
there is a material difference in the respiratory and carbohydrate 
metabolism after like doses of glucose and dihydroxyacetone 

The respiratory quotient After the ingestion of 25 or 50 grams of 
dihydroxyacetone there is a rapid rise m the non-protein respiratory 
quotient which reaches unity or slightly above in one-half to one hour 
This rise is followed by a rapid drop to or slightly below the basal 
level In no case was this rise preceded by a fall in the respiratory 
quotient In one case, experiment 3, the ingestion of 2 grams of dihy- 
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experiments 1, 4, 6, and S In three ot these experiments, 1, 4, and S 
the respiratory quotients showed a decrease during the first one-halt 
hour, as originally noted by Zuntz and Meimg (14) This early tall 
in the respiratory quotient after the administration ot glucose is con- 
sidered to hav e a relation to the degree of saturation ot the glycogen 
depots Subsequently, the maximum increment mcrease was at- 
tained at the end of the first or second hour, but in no case was the 
nse as great as after a like dose ot dihydroxyacetone In the lour 
experiments with glucose the average maximum increment mcrease 


TVBLE 2 

Normals Increase m heal production crer basal \ercl 


Experiment Number 

Dose 

Increase calories per hour 

Time attained 

Glucose 

Dihydroxyacetone 


trams 

per cent 

per cent 

rr.mutcs 

i 

25 

3 6 

— 

60 

2 

25 

— 

11 2 

30 

3 

* 

— 

9 0 

60 

4 

50 

14 0 

— 

30 

5 

50 

- 

14 5 

50 

6 

25 

3 4 

— 

120 

7 

25 

— 

18 3 

60 

8 

25 

10 8 

— 

60 

9 

25 

— 

16 0 

30 

10 

25 

— 

20 5 

30 

V\erage 

10 6 

16 1 



* Dih) droiyacetone 2 grama e\ery 15 minutes for 2 hours. 


in the non-protein respiratory quotient was 0 026, while in the the 
dihydroxyacetone experiments it was 0 271 The fact that the non- 
protem respiratory quotients rose above unity after administration of 
single large doses, 25 to 50 grams of dihydroxyacetone, w ould suggest 
change of dihydroxyacetone or its conversion product to lat as shown 
by Lusk (15) to follow the “metabolism of carbohydrate plethora ” 
The fall of the non-protein respiratory' quotient to 0 669 in the thud 
hour in experiment 9 may possibly' be explained by the storage oi glu- 
cose derived from protein 

The total metabolism The increase m total metabolism is more 















TABLE 1 — Continued 
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Otherwise there would not be such a difference between the parallel 
experiments 

The impossibility of detecting the dihydroxyacetone quahtativ ely 
in the blood stream would argue for its prompt conversion or re- 
moval Also, the fact that the blood sugar shows a very slight in- 
crement increase, and m some cases a progressive fall, would also 
indicate its rapid removal or conversion 

The similarity ot these results with those as reported by Benedict 
and Carpenter (16) after levulose is striking In seven experiments 
on seven normal subjects using 100 grams ot levulose they lound an 
average increase of heat production of 15 per cent as against our 16 
per cent in six experiments with dihydroxyacetone (table 2) The 
total respiratory quotient in their cases had an av erage maximum in- 
crease of 18 points, as compared with a similar increase ol 22 points 
after dihydroxyacetone Their highest total respiratory quotient 
was 111 and values of 1 07 to 1 09 were of frequent occurrence Fol- 
lowing dihydroxyacetone the maximum total respiratory quotient 
was 1 16 (experiment 7) and in one other instance (experiment 5) a 
value of 1 09 was obtained 


CONCLUSIONS 

1 In normal men dihydroxyacetone when given in 25 or 50 gram 
doses causes a more rapid and a greater carbohydrate combustion 
than does the same dose of glucose 

2 The total metabolism is usually elevated more rapidly and to a 
higher level of heat production after dihydroxyacetone than alter a 
like dose of glucose 

3 The blood sugar presen ts less mcremen t increase alter dihy droxy - 
acetone than after a like dose ol glucose 

BIBLIOGRAPHY 

1 Fischer, E Hammerstem’s Text book of Phjs Chem , 7th German ed., 1912r 

p 205 

2 Buchner, E , and Meisenheimer, J Benchte d DeuUch Chem GesielLch , 

1910, xliu, 1773 Die chemischen \ orgunge bei der alkohohschen Garung 

3 Embden, G , Schmitz, E , and Wittenberg, M ZeiUchr i ph\ 3 ioI Chem , 

1913, Lsxxvui, 210 Uber synthetische Zuckerbildung in der Lunsthch 

durchstromten Leber 



530 


dihydroxyacetone studies 


marked and usually occurs more rapidly after dihydroxyacetone than 
after a like dose of glucose From table 2 it can be seen that in all 
instances except experiments 4, and 5, comparable experiments upon 
the same case gave a greater and earlier nse m heat production with 
dihydroxyacetone than after the same dose of glucose In experi- 
ments 4 and 5, both after a dose of 50 grams, the increase in heat 
production was practically the same 14 0 and 14 5 per cent, and in 
both instances the maximum level was reached in thirty minutes 
The average maximum increase of heat production m the case of 
glucose was 10 6 per cent as against 16 1 per cent after dihydroxy- 
acetone In experiment 3 when dihydroxyacetone was given at the 
rate of 2 grams every fifteen minutes for 2 hours the nse in total 
metabolism was delayed, its peak being reached at the end of sixty 
minutes, and again with a percentage increase of 9 per cent, appre- 
ciably greater than after the single dose of 25 grams of glucose in the 
same case, experiment 1 In experiment 4 (50 grams glucose) the 
nse in total metabolism took place comcidently with a shght fall in 
the respiratory quotient, subsequently declining as the respiratory 
quotient rose 

The blood sugar The blood sugar curves obtained synchronously 
with the respiratoiy data show a consistently lower level after the 
dihydroxyacetone than after a like dose of glucose In two instances 
experiments 5 and 10, a trace of dihydroxyacetone was detected in the 
unne of the first test hour, a demonstration of its probable low renal 
threshold 


DISCUSSION 

From the above data it would appear that dihydroxyacetone when 
ingested by normal men in doses of 25 or 50 grams results in a funda- 
mentally ditferent metabolism from that of glucose The immediate 
and marked rise of the respiratory quotient would suggest rapid car- 
bohydrate combustion, or combustion of a conversion product such 
as lactic acid That combustion takes place is further supported by 
the accelerated increase m heat production which parallels the rise in 
the respiratory quotient 

These studies indicate that at least the greater part of the dihydroxy- 
acetone escapes conversion into glucose m the alkaline duodenum 



DIHYDROXY A.CETOXE STUDIES 

IT Its Respiratory and Carbohydrate Metabolism in* Diabetes 

Mellitcs 

Bx EDWARD H. MASON' 

(With the Technical Assistance of MISS ELEANOR HILL) 

(From the University Clinic, the Royal Victoria Hospital, and the M'dical Department, 
McGill Unrersity, Montreal ) 

(Recened for publication April 27, 1926) 

In the first paper (1) it was shown thatm normal persons dihydroxy- 
acetone given by mouth in 25 or 50 gram doses caused a more rapid 
and a greater carbohydrate combustion than the same dose of glucose 
The elevation of the total metabolism was more marked after the 
dihydroxyacetone and there was little if any increment mcrease in 
the blood sugar 

In this report similar studies hat e been apphed to cases of diabetes 
melhtus The methods employed have been the same There have 
been compared in thesamecases the respiratory exchange and the blood 
sugar curves after like doses of glucose and dihydroxyacetone Fifteen 
experiments upon seven cases of diabetes melhtus are reported In all 
cases except one the amount of glucose or dihydroxyacetone mgested 
was 25 grams In the one exception it was 50 grams Comparable 
experiments after like amounts of glucose and dihydroxyacetone were 
performed in four instances, cases I, II, HI, and IV In the remaining 
six experiments dihydroxyacetone alone was gixen In case I a three 
hour control experiment after water alone is included 

the type of case studied 

In order to clarify certain of the experimental data it is necessaiy to 
consider the degree of sex entv of the carbohj drate disturbance in the 
cases studied In table 1 are presented the pertinent data on each 
of the sex en cases 
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In table 3 and figure 2, are reported sev en experiments upon tour cases 
of diabetes melhtus In each experiment 25 grams of dihydroxj ace- 
tone were gi\en In cases IV and V comparable experiments were 
performed at inters als with a progressively mcreasmg carbohydrate 
intake These results demonstrate clearly that the increment in- 
crease of the respiratory quotient is influenced by the gly cogen re- 
serve of the body (table 4) If the gly cogen reserves are depleted the 
ingestion of 25 grams of dihydroxv acetone results in very little com- 
bustion, but the added carbohydrate is largely stored In the same 
case as the diet was progressively increased in its carbohydrate con- 
tent the ingestion ot the same amount of dihydroxyacetone caused a 
prompt and marked rise m the respiratory quotent It would appear 
from table 4 that the maximum increment increase of the respiratory' 
quotient is attained more rapidly when the past diet has contained 
more carbohydrate It is to be expected that this point would only 
be applicable in those cases of diabetes melhtus who hav e the ability 
to store glycogen 

In Experiment 14 a respiratory' quotient of unity was attained in 
30 minutes This was a mild adult diabetic who was taking a diet 
containing a total glucose yield ot 128 grams The slight increment 
increase in the blood sugar confirms the mildness of the diabetes 
Experiment 15 was done upon a young girl, aged 13, with mild dia- 
betes, following a period of low carbohydrate intake At the time 
of the test the total glucose yield of the diet was 76 grams 

The average m aximum increment increase of the non-protein res- 
piratory quotient in the eleven experiments after dihy'droxyacetone 
was 0 138 The excessively low non-protein respiratory' quotients 
obtained in experiments 5, 7, and 14, namely' 0 642, 0 661, and 0 650 
respectiv ely, during the second or third hours may be explained by the 
storage of carbohydrate derived from protein 

The total metabolism 

In the comparable experiments after glucose and dihy droxyacetone 
(table 2) the increase of the total heat production over the basal level 
w as more marked after dihy'droxy acetone There w as one exception 
to this finding, case H, experiments 4 and 5, when the increase was 
21 3 and 11 4 per cent after glucose and dihydroxy acetone respectiv ely 
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EXPERIMEN TAL DAT V 

The e\permiental data are tabulated in tables 2 and 3, and in part 
depicted graphically m figures 1 and 2, respectively Eight of the 
comparable experiments after like amounts of glucose or dihydroxy- 
acetone are grouped m table 2 and figure 1 In table 3 and figure 
2, there are recorded experiments after dihydrowacetone alone, 
cases IV, and V, having multiple observations performed at different 
periods in the treatment of the case 


TABLE 1 

Carbohydrate tolerance upon discharge from hospital 


Case number 

Age 

Diet 

Blood sugar 
fasting 

Insulrn per 
day 

Seventy of 
cue 

*G”* 

Total calories 


years 

jrairw 


per clnl 

units 


I 

42 

95 S 

2205 

0 140 

24 

Moderate 

II 

55 

9S 9 

2011 

0 122 

10 

Moderate 

III 

31 

112 S 

2166 

0 142 

IS 

Moderate 

IV 

17 

112 S 

2166 

0 125 

0 

Mild 

V 

13 

90 8 

1S9S 

0 166 

24 

Moderate 

VI 

57 

128 6 

2248 

0 136 

0 

Mild 

\II 

13 

103 3 

1729 

0 121 

0 

Mild 


* “g” — glucose jield of diet (Woodyatt) 
= CHO + 0 58 P + 01F 


The non-protein tespiratory quotient 

After 25 or 50 grams of dihydroxyacetone there was a greater in- 
crement increase m the non-protein respiratory quotient than after 
the same amount of glucose (table 2 and figure 1) In all four instances 
after the dihydroxyacetone the maximum increase in the non-protein 
respiratory quotient was attained at the end of thirty minutes The 
rapidity of elevation after the glucose was not consistent, the maximum 
non-protein respiratory quotient being attamed in from thirty to one 
hundred and twenty minutes In these four comparable cases the 
average maximum increment increase in the non-protem respiratory 
quotient after glucose was 0 048, and after dihydroxyacetone it was 
0 126 It should be noted that the time interval between the two 
expenmen ts on the same case was not more than three days 
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In table 3 and figure 2 , are reported se\ en experiments upon four cases 
of diabetes raelhtus In each experiment 25 grams of dihydroxy ace- 
tone were given In cases IY and Y comparable experiments were 
pertormed at intervals with a progressively increasing carbohydrate 
intake These results demonstrate clearly that the increment in- 
crease of the respiratory quotient is influenced by the glycogen re- 
serve of the bodv (table 4) It the glycogen reserves are depleted the 
ingestion of 25 grams of dihydro vyacetone results in very little com- 
bustion, but the added carbohydrate is largely stored In the same 
case as the diet was progressively increased in its carbohydrate con- 
tent the ingestion ot the same amount of dihydroxyacetone caused a 
prompt and marked rise m the respiratory quotent It would appear 
from table 4 that the maximum increment mcrease of the respiratory 
quotient is attained more rapidly when the past diet has contained 
more carbohydrate It is to be expected that this point would only 
be applicable in those cases of diabetes melhtus who hav e the ability 
to store glycogen 

In Experiment 14 a respiratory quotient of unity was attained in 
30 minutes This was a mil d adult diabetic who was taking a diet 
containing a total glucose vield of 128 grams The slight increment 
mcrease in the blood sugar confirms the mildness of the diabetes 
Experiment 15 was done upon a young girl, aged 13, with mild dia- 
betes, following a period of low carbohydrate intake At the time 
of the test the total glucose yield of the diet was 76 grams 

The average maximum increment mcrease of the non-protem res- 
piratory quotient in the eleven experiments after dihydroxyacetone 
was 0 138 The excessively low non-protem respiratory quotients 
obtained in experiments 5, 7, and 14, namely 0 642, 0 661, and 0 650 
respectively, during the second or third hours may be explained by the 
storage of carbohydrate derived from protein 

The total metabolism 

In the comparable experiments after glucose and dihy droxyacetone 
(table 2) the increase of the total heat production over the basal level 
was more marked after dihydroxyacetone There \ as one exception 
to this finding, case II, experiments 4 and 5, when the increase was 
21 3 and 11 4 per cent after glucose and dihydroxyacetone respectnelv 



TABLE 2 

Simultaneous respiratory exchange and blood sugar time curves in diabetes mdhlus 
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DDIYDROXY ACE TONE STUDIES 


The basal heat production in Experiment 4 was open to some ques- 
tion However, without excluding this finding the average rise m 
heat production after glucose was 112 per cent, and after dihydroxy- 
acetone 20 0 per cent In the eleven experiments with dihydroxy 



Figure 1 Representing Graphically the Non-protein Respiratory Quotient 
and Blood Sugar Time Curves in the Experiments Recorded in Table 2 

Experiment 1 is a control, 200 cc of water only being given each, hour Experiment 
2 is after 50 grams of glucose Experiments 4, 6, and 8 are after 25 grams of glucose 
Experiment 3 is after 50 grams of dihydroxyacetone Experiments 5, 7, and 9 are after 
25 grams of dih\ droxyicetone 
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acetone the aterage increase in heat production o\er the basal le\el 
was 19 4 per cent In all except two of these experiments the maxi- 
mum increase in heat production was attamed m thirty minuteb, 


Ejtp I0,ll,au-A H Exp \lo-a 13 Exp 14- Exp' 5 

Case \V/ ( CaseT I Case'VT I CastHiL not 



ElGTJRF 2 REPRESENTING GRAPHICALLY THE XON PROTEIN Re^ PLEAT QR\ QUOTIENT WD 

Blood Sugar T pie Curves in the Experiment^ Recorded in Table 3 
Each experiment is after 25 grams oi dih} dro\yacctone 


while in the two (experiments 11 and 12), it wtls reached in sixty 
minutes 
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In the four glucose experiments the maximum total metabolism was 
reached in thirty minutes in experiments 2 and 4, in two hours in 
experiment 6, and in three hours m experiment S It should be noted 
that in cases IV and V in which multiple experiments were done with 
25 grams of dihydroxyacetone that the rise in heat production did not 
parallel the rise in the respiratory quotient This is shown m table 5 

TABLE 4 


Influence of carbohydrate content of diet upon increment increase of respiratory quotient 



Experiment 

number 


Non protein R Q 



• G” of diet 

Maximum 

increment 

increase 

Time 

attained 

Date 


10 

grams 

45 7 


minutes 

60 

December 15, 1925 

IV 

11 

96 S 


60 

December 29, 1925 

l 

9 

112 8 

0 219 

30 

January 5, 1926 

V 1 

12 

69 0 

0 007 

60 

December 2, 1925 


13 

91 0 

0 164 

30 

January 6, 1926 


“g” of diet = CHO + 0 58 P + 0 1 T (W ood\ att) 


TABLE 5 


Relation behveen increase of non-protein R Q and total metabolism 


Cose number 

Experiment number 

Maximum increase 

Non piotern R.Q 

Total calories 

( 


0 048 

per cent 

21 8 

IV j 


0 106 

9 0 

1 


0 219 

17 5 

V { 


0 007 

26 0 

■HKaflH. 

0 164 

28 5 


The blood sugar 

After 25 or 50 grams of dihydroxyacetone the increment increase 
of the blood sugar was consistently less than after the same dose oi 
glucose (table 2 and chart 1) In most of the cases the diilerence was 
marked 
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Carbohydrate combustion rale 

Inspection of tables 2 and 3 will show the greatly accelerated car- 
bohydrate combustion rate which followed the administration of 
dihydroxyacetone In the comparable experiments (table 2) in each 
instance it greatly exceeded that in the control experiment with 
glucose In experiments 9, 13, and 14, and 15 it temporarily reached 
practically a normal carbohydrate utilization rate, namely 9 78, 11 14, 
10 80, and 7 05 grams per hour respectively 

Dihydroxyacetone ui blood and urine 

Dihydroxyacetone determined qualitatively was detected m the 
blood only m experiment 3 This was m the thirty-mmute specimen 
In three experiments, nos 3, 10, and 13 it was found m the urine m a 
small quantity m the one hour specimen 

SUlEklARX AND CONCLUSION'S 

A study of fourteen experiments on seven cases of mild and moder- 
ately severe diabetes mellitus would indicate that the respiratory and 
carbohydrate metabolism of dihydroxy acetone is fundamentally 
different from that of glucose For a proper e\ aluation of the changes 
in the respiratory quotient after dihydroxyacetone ingestion the 
carbohydrate content of the previous diet must be known 

The average maximum increment increase of the non-protein 
respiratory quotient after glucose (4 experiments) was 0 048, while 
after dihydroxyacetone (10 experiments) it was 0 130 

The average increase of total metabolism after glucose (4 experi- 
ments) was 11 2 per cent, while after dihydroxyacetone (10 expen- 
men ts) it was 19 6 per cent 

The blood sugar showed a smaller increment increase after dihy- 
droxyacetone than after glucose 

BIBLIOGRAPHY 

1 Mason, E H Jour Clin Iniest-, this issue Dih> droxyacetone Studies I Iu 
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THE EFFECT OF ORALLY ADMINISTERED HYDRO- 
CHLORIC ACID UPON THE GASTRIC CONTENTS IN 
NORMAL INDIVIDUALS AND IN PATIENTS WITH 
ACHLORHYDRLV* 

By RICHARD A. KEEN', EDWARD ROSE axd J HAROLD AUSTIN' 

(rrom the John Herr ilusser Deportment of Research Uedictne of the Unrersit\ of Penn- 
syhanta and the Medical Division of the Unrcrsily Hospital 

(Received for publication May 3, 1926) 

The adequacy of the customary dose of dilute hydrochloric acid 
gi\en to patients with gastric anaadity has been questioned by a 
number of observers In 1907, Leo (1) found that a dose of hydro- 
chloric aad corresponding to 2 5 cc (U S P dilute) was the s m allest 
that was ever followed by free hydrochloric aad in the gastnc con- 
tents, while greater doses, up to a maximum of 12 cc., at times failed 
to produce free acid In 1918, Crohn (2) observed that small single 
doses of hydrochloric aad given to achlorhydria patients were 
promptly neutralized, and only after the administration of larger doses 
(1 6 to 2 6 cc ) was free hydrochloric aad found to be present for a 
time m the fractionally removed gastnc contents For many y ears 
the constant finding of gastnc anaadity in cases of pemiaous anemia 
has led to speculation as to the possible etiologic relation of achlor- 
hydria to this disease Hurst (3), who favors such a relationship, 
has recently emphasized the importance of overcoming the anaadity' 
by giving 4 to 6 cc of dilute hydrochlonc aad as a routine dose His 
co-worker, Shaw (4) m a study of five cases oi pemiaous anemia, 
found, by fractional gastnc analysis little or no free hy drochlonc aad 
after the administration of 4 cc of dilute hy drochlonc aad, while 8 
cc usually' gav e suffiaent free aad to hav e a germiadal effect \ an- 
derhoof (5), in a clinical study of seven cases ot combined sclerosis 
with achlorhy'dna but without anemia, reported marked clinical 

*Read m abstract before the Association of American Phvsictms at Washing- 
ton D C , Ma\ , 1925 
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improvement after the continued administration of 4 to See of dilute 
hydrochloric acid, and emphasized the importance of adequate dosage 
of acid 

It, therefore, occurred to us to study m detail the effects of various 
doses of hydrochloric acid upon the gastnc contents of individuals 
with and without achlorhydria, and to attempt to determine the fate 
of the acicl given 

In a study of this problem, a number of factors must be taken mto 
consideration In the first place, it has been amply shown (Bennett 
and Ryle (6), Talbot (7), Rehfuss et al (8)) that wide variations in both 
free and total acidity may occur in supposedly normal individuals 
The mechanism by which the gastnc acid is neutralized is a complex 
one, and by no means completely understood, involving as it does m 
addition to neutralization by swallowed saliva and mucus and possibly 
dilution by gastnc secretion, also the regurgitation of alkaline duodenal 
contents, and the secretion of an alkaline fluid by the pars pylonca, 
as suggested by Ivy and Oyama (9) In order to determine the part 
played by some of these factors, we studied in addition to total and free 
acid in the gastnc contents, the hydrogen-ion concentration, the total- 
chlonde concentration, peptic activity, and in some instances the 
tryptic activity 

It must be stated at the outset that the vanous values obtained in 
gastnc contents removed by the fractional method are not advanced 
as representative of a uniform composition of the stomach contents 
of that part of the stomach (the antrum) from which we tned as a rule 
to remove our samples We do believe, however, that the vanations 
of these values, and the curves derived therefrom, can give some in- 
formation as to the normal and pathological physiology of the stomach, 
and the influence on these processes of a therapeutic agent such as 
hydrochloric acid 


MATERIAL 

Studies were made on twenty-one patients Of these, seven had 
no gastromtestmal symptoms, and have been grouped as “normal 
cases,” six of them showed normal gastnc findings, and one was found 
to have hyperacidity There was also included in this group one case 
of hypoacidity, a patient with possible alcoholic gastritis The 



R \ KERX*, E ROSE 4.XT) J H A.TJSTIX 


547 


remaining thirteen patients had gastric anacidit} , due in nine instances 
to primary pernicious anemia, in one to a gastric ulcer, proven at 
operation and possibl} syphilitic in origin , in another associated with 
suspected syphilis of the stomach, while in two patients there was an 
idiopathic anacidity One of the latter had a diaphragmatic hernia, 
while the other suffered Irom colitis In nineteen individuals, a 
fractional gastnc analysis was done, with determinations ot free 
and total acidity, pH, and m selected samples, chloride concentration 
and peptic and tryptic activity In fourteen patients (four “normal” 
and ten anacidity cases), such observations were also made after the 
administration, with the test meal, ot dilute hj drochlonc acid, U S P, 
in amounts varying trom 1 to 14 cc 

METHODS 

The test meal used consisted of two shces of w heat bread with two 
glasses (about 360 cc ) ot water The acid, when given, was usually 
swallow ed bv the subject, but m a tew instances the mixture ot acid 
and water was introduced mto the stomach through the tube, the 
bread being sw allowed first Specimens ot gastnc content were with- 
drawn at \ arymg time intervals, as shown in the tables below An 
attempt was made in ever} mstance to pass the tube mto the antrum 
of the stomach 

Most of the samples removed, up to one hour after the meal 
contamed undigested bread, and man} were also mixed with varying 
amounts of mucus and saliva Accordingly, m ever} instance, except 
when the samples were unmix ed with bread particles, mucus or saliva, 
they were centrifuged, and the supernatant liquid used for all deter- 
minations 

One or 2 cc of the sample were titrated with 0 02 x XaOH, dimeth} 1- 
amidoazobenzol bemg used as the indicator for free h} drochlonc aad, 
with the permanent yellow taken as end-point, and an alcoholic solu- 
tion of phenolphthalem as the indicator for total acidity, with the 
first permanent pink taken as the end-point The tree and total acid- 
ity were expressed, as usual, m terms of cubic centimeters ot 0 1 x aad 
per 100 cc of gastnc content 

An approximate indication ot the pH was obtained b} colonmetnc 
companion with standard buffer solutions, Using appropriate indi- 
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cators The following solutions were made (Clark (10)), pH 1 5 and 
2 0 (KC1-HC1 mixtures) , pH 2 5, 3 0, and 3 5 (phthalate-HCl mix- 
tures), pH 4 0, 4 5, 5 0 and 5 5 (sodium acetate-acetic acid mixtures), 
pH 6 0, 6 5, 7 0 and 7 5 (phosphate mixtures) The indicators used 
were thymol blue (pH 10 to 2 5), methyl orange (pH 3 0 to 5 0), 
brom-cresol-purple (pH 5 0 to 7 0), and phenol red (pH 7 0 -f ) 

One drop of the indicator was added to 0 8 cc of the sample of 
gastric content and to 0 8 cc each of two or more standard solutions 
with which the sample was to be compared, each portion of standard 
solution and the gastric content being placed on a porcelain spot-plate 
The standard solution showing the color nearest to that of the gastnc 
sample was taken as the colorimetric pH of the stomach content A 
readmg accurate to 0 5 pH was considered adequate It is recognized 
that this colorimetric pH may differ from the true pH of the gastnc 
contents by at least 1 0 because of protein and salt error The vana- 
tions in pH in which we are interested are, however, so gross that this 
crude index of gastric pH has some value 
Determinations of the chloride content were made on the super- 
natant fluid of the centnfuged gastnc samples by the Volhard method 
The results are expressed m terms of milliequivalents per hter, as 
are the results of titration for free hydrochlonc acid and total acidity 
Pepsin and trypsin determinations were made by the method of 
Itakura (11) which is desenbed as a modification of the Fuld-Gross 
method, and is done as follows 

Pepsm A casein stock solution is made by dissolving 0 15 gram of dry casern 
m 50 cc of 0 1 n NaOH, heating, while stirring, on a waterbath to 80°C , placing 
in a vessel of cold water, and then bringing to 100 cc volume with distilled water 
10 cc of the above solution are pipetted into a 100 cc volumetric flask containing 
30 cc of 0 1 N HC1, brought to the mark with distilled water, and shaken The 
resulting solution is an almost clear liquid which may be preserved by the addition 
of a small amount of chloroform 

An acetate mixture is used to precipitate the undigested casern, stop enzyme 
action, and prevent the precipitation of bile acids It is prepared by titrating 
100 cc of 15 per cent NaOH against litmus paper with 6 per cent acetic acid 
After neutralization, nine-tenths the volume of acid used m the titration is added 
To obtain an approximate idea of the degree of peptic activity m the sample 
of stomach contents, 0 1,0 01, 0 001, and 0 0001 cc of the sample obtained by 
serial dilution with 0 01 n HC1 are placed m five tubes (preferably 1 cm in diameter 
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and 10 cm in length), and each is brought to 1 cc bv the addition ot 0 01 it HCL 
Two cubic centimeters of the casein solution are added to each tube which males 
the final concentration ot casein 0 01 per cent the tubes are stoppered and placed 
in a water bath at 38°C for a convenient time (This >s Usually rrom one-half 
to one hour ) 

The digestion of the casein occurs in a medium the pH of which is approxi- 
mate!}. 1 7 

At the end of the halt hour or hour period the tubes are remo\ ed trom water 
bath, the or sa. drops ot the acetate solution are added to each tube, and they 
are cooled quickly to room temperature in cold water The undigested casern 
will be precipitated in a few minutes, making the solution opaque or hazy , while 
clarity of the solution is taken as an indication of complete casein digestion In- 
cubation with the abo\e dilutions of gastnc juice gives an idea ot the lowest 
concentration at which digestion is completed, m the time allowed For a more 
accurate reading a second series ot dilutions of gastnc juice is now made — between 
the dilutions which in the first incubation showed a change from cloudiness to 
clearness 

The test permits the selection of that critical tube which contains the lowest 
concentration of gastnc juice sufficient to digest completely the standard casein 
solution in a given time interval and this cntical tube is taken as representing a 
given concentration of pepsin Itakura defines a unit concentration ox pepsin as 
that concentration which will digest the standard 0 01 per cent casern solution 
at 38°C and under the condition of the test m one hour He round that the 
concentration of pepsin required was inversely proportional to the time allowed 
for digestion He expressed the pepsm concentration in the original gastnc juice 
or unknown solution as log P defined as follows 

, 3 

Log P = ! °3 Jj. 

where E ■= cubic centimeters oi gastnc juice (or unknown solution) contained in 
the cntical tube of the test (total content 3 cc ) and T = time, in hours, of incuba- 
tion at 38°C 

It must be remembered that log P, the expression for peptic activity , being 
loganthmic, a variation in log P oi 1 0 represents a ten told variation m the meas- 
ured peptic concentration 

For determination of trypsin the method is the same, except that the casein 
solution is made as follows 

To 10 cc of the casern stock solution in a 100 cc volumetnc flask are added 50 
cc ot distilled water and a drop ot 0 5 per cent phenolphthalem solution (0 5 
gram m 100 cc of 43 per cent alcohol) and this is titrated carefully wth 0 1 i, 
hydrochloric acid until the rose-red color disappears The mixture is then made 
up to the mark with distilled water In preparing the tubes for incubation the 
dilution of gastnc content is made up to 1 cc bv diluting with distilled water alter 
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neutralization of the gastric content I he final mixture should have a pH of 
about 7 0 In testing for trypsin it is therefore necessary to neutralize acid 
present by adding the proper amount of sodium hydroxide The method is 
similar m all other respects to the one used for pepsin determination 

For details of the methods, and the derivation of the equation used, the reader 
is referred to Itahura’s article 

CONTROL OBSERV VTIONS WITHOUT VCID ADMINISTERED 
Normal individuals 

Studies were first made m a series of so-called normal individuals 
The examinations mcluded a fractional gastric analysis, xvith deter- 
minations of total acidity, free hydrochloric acid, pH and, in selected 
instances, chloride content and peptic activity In four of the eight 
cases so studied, the fastmg content showed no free hydrochloric acid, 
while m the other four, free hydrochloric acid was present in the fast- 
mg content The results in these two groups are tabulated separately 

No free HCl m fasliug contents 

Table 1 gix es the figures obtamed in the four cases showing no free 
hydrochloric acid in the fastmg content 

Analysis of table 1 shows 

1 The free hydrochloric acid and total acidity curves conform to 
average normal values, reaching a maximum at between 45 and 90 
minutes 

2 pH decreased progressively up to 60 to 75 minutes in all four 
cases, pH variations roughly paralleled those of the free hydrochloric 
acid 

3 Chloride content, in the two cases studied, showed a progressive 
increase, reaching maximal values at 90 minutes, the time of the last 
determination 

4 Peptic activity, m the one case studied, was xvithin normal 
limits 


With free HCl m fasting contents 

Table 2 gives the findings of similar studies m the subjects showing 
free hydrochloric acid m the fastmg content 
Analysis of table 2 shows 





TAI1LE 2 

Control observations tn normals without acid administered With free hydrochloric acid in gastric contents 
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1 Both free hydrochloric acid and total acidity cun es in the cases 
showing free hydrochloric acid in the fasting content tend to rise higher 
than those with no free hydrochloric acid in the fasting content 

2 pH was low throughout, tailing in the first thirty minutes, and 
usually rising slightly thereafter pH variations again roughly paral- 
leled those of the free hydrochloric a ad 

3 In two cases the chloride concentration increased progress^ ely 
and in a third case was high throughout 

4 Peptic activity, in the two cases studied, was greater than in the 
case in the previous group, it did not, m the one case in which it was 
tested at intervals increase parallel with the aadity, but, in fact, de- 
creased slightly 

Patients mill achlorhydria 

Similar studies were then made thirteen tunes in twehe patients 
with achlorhydria Eight were cases of primary pemiaous anemia, 
two probably syphilis ot the stomach, while m two there was no 
obvious cause tor the achlorhydria The figures are given in table 3 

Analysis of table 3 shows 

1 The total aadity, except in case 17, did not exceed 25 mllli- 
equnalents, the \anation in total aad was not consistent, but tended 
to fall slightly in most instances 

2 No free hydrochloric aad was present in any case 

3 pH remained fairly constant m all except case 17 it was 5 5 or 
abo\e 

4 Chloride concentration in the fasting content was within the 
range observed in normal individuals but was considerably less than in 
the normal during the subsequent periods In all instances there was 
a primary fall in chloride concentration, probably due to dilution ot 
the gastric content by the entrance of the test meal, followed by a 
rise of varying degree 

5 Peptic activity was frequently diminished to 1 5 and when 
studied at intervals showed practically no variation In one instance, 
case 17, a patient with syphilis of the stomach, the peptic activity was 
normal It is interesting to note that m this case alone were there 
high values for total aadity, and a pH close to 3 0 

6 Trypsin was present m all the cases in which a test lor it was 
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Control observations m cases of anaadtly No acid given 
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made The greatest activity' was noted in the fasting content, falling 
somewhat thereafter This would point to duodenal regurgitation as 
a regular phenomenon m cases of anacidity How regularly this is 
also true m the normal is under study at present 

DISCUSSION OF PRELIMTN A.RV OBSERVATIONS 

The foregoing observations on gastric acidity m normal individuals 
are m accord with the findings of previous investigators Our figures 
fall well within the wide limi ts within which free hydrochloric acid in 
supposedly normal individuals may vary according to Bennett and 
Ryle (6), Talbot (7), and Crohn and Reiss (12) 

We have been particularly mterested m the pH of the gastric con- 
tent under various conditions In the presence of free hydrochloric 
acid the pH is 3 0 or lower, and vanes necessarily rather closely with 
the degree of free hydrochlonc acid present To the present, howev er, 
there have been very few observations on the pH of gastnc contents 
showing no free hydrochlonc acid Under these circumstances, there 
may be a wide range of va nation in pH— from 3 0 to 7 0 (neutrality) 
or above— in regard to w hich range ordinary determinations of gas- 
tnc acidity give no information It is noteworthy that m a small 
group of apparently normal individuals (about I per cent according to 
Bennett and Ryle) there is a persistent lack ot free hydrochlonc acid, 
yet these persons have no symptoms of gastnc malfunction It is 
conceivable that in these individuals in spite of the absence ot tree 
hydrochlonc acid, the pH of their gastnc contents might still be low 
enough (3 0 or 4 0) to be adequate ( though not optimal) for peptic 
action One of our anaachty patients exhibits this state of affairs 
Case 17 (syphilis of the stomach) showed no tree hydrochlonc acid at 
any' time This was the only anacidity r case in our senes that showed 
reasonably good peptic activity It was also the only' case of anaadity 
that showed a pH lower than 5 5, the figures ranging between 3 5 and 
4 0 

The only' other observation on this point of which we have knowl- 
edge is that ot Babbott, Johnston, Haskins and Shohl (13) It has 
long been known that m milk-fed mfants there is usually no irce 
hvdrochlonc acid in the gastnc contents during the first year or so oi 
hie, yet there is good peptic activity The above mentioned authors 
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studied pH variations in infants ranging in age from three to nmeteen 
months In the normal children the range of pH was 3 2 to 5 0, 
most of the figures being between 3 9 and 4 6 In our cases of true 
“achylia” (low peptic activity associated with achlorhydria) the pH 
was always 5 5 or above, most of them being between 6 0 and 7 0 

Numerous previous observations have been made on the chloride 
concentration in the gastric contents of normal persons and of patients 
with achlorhydria Our findings m normal individuals fall within the 
same range as those of Wiener (14), Reisner (15) and Grand (16) 

In patients with achlorhydria, which is not due to carcinoma, the 
chloride concentration has usually been found lower than normal 
Grand and Wiener made their observations after a test meal Strauss 
(17), m studying the efficiency of gastric resorption m cases of achlor- 
hydria with pernicious anemia, found varying chloride concentrations 
m the fasting stomach When the original concentration was low in 
the fasting content — below 40 milliequivalents — it rose progressively 
after the test meal to about that level or a little higher, when the con- 
centration exceeded 80 milliequivalents m the fasting content, it fell 
after the test meal, through dilution His studies were carried on over 
a period of forty-five minutes 

We have determined the chloride concentration m the fasting con- 
tents fourteen times m nme patients with achlorhydria (See also 
tables 6, 8, 10, 15, 16 and 17 ) We found fasting chloride values that 
uniformly fell within the normal range After the test meal, in seven 
observations on six cases of achlorhydria, there was invariably a 
decrease m the chloride concentration, for from fifteen to sixty minutes, 
whereas in patients with free hydrochloric acid, there was a distinct 
rise in chloride concentration after the test meal This would suggest 
that in the anacidity cases dilution of the stomach contents had oc- 
curred by the test meal, and, in view of the continued fall m chloride 
concentration, by further dilution with a fluid low m chloride content 
(possibly a gastric secretion) There was a late rise in chloride con- 
centration, but in only one mstance did this rise reach or exceed the 
previous fasting level (experiment 12) 



TAliLE 4 

Acid given to normal individuals 
(Total acidity and free 1IC1 figures) 
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Acid given to normal individuals 
(pH and chloride figures) 
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EFFECTS OF HYDROCHLORIC ACID ADMINISTRATION IN NORMAL 

INDIVIDUALS 

Four subjects ot the group with normal acidity were gi\ en dilute 
hydrocblonc aad The amount of aad administered m each case was 
the maximal concentration given later to subjects with achlorhjdna 
It is generally accepted that the highest concentration in which 
hydrochloric aad occurs tree in the gastric juice is about 120 to 125 
millimolar, or 0 43 to 0 45 per cent (Carlson (18)) It was thought 
inadvisable, therefore, to exceed this concentration m the administra- 
tion of aad to patients, because of possible injury to the stomach 
The maximum dose of aad given to any subject was 14 cc ot dilute 
hydrochloric aad (U S P — 11 5 per cent by w eight) diluted to 360 
cc with water, the resultant mixture having a millimolar concentration 
ol 120 The four normal cases accordingly recened 14 cc ol dilute 
U S P hydrochloric aad diluted to 360 cc with water In each 
instance the stomach was first emptied ot its tasting content, the 
test meal was then given and the aad mixture swallowed bj the sub- 
ject or introduced through the tube Tables 4 and 5 record the results 
obtained, and, for ready comparison include the results obtained in 
the same subjects in the previous control obserxations 
Peptic activity w r as also tested m experiment 22 (case 2) and the 
results before and after aad administration were as follow s 


Case 2 Peptic activity 



No aad -ra ^ 

\ad give a 

Fasting contents 

2 8 

3 3 

45 minutes 

3 3 


60 minutes 


3 0 

90 minutes 

3 3 

3 2 


The results of ma ximal a dminis tration ol aad in these normal indi- 
viduals may be summarized as follows 

1 Total aadity was increased, the increase being greatest within 
the first fifteen minutes, and persisting during thirty to sixty minutes, 
with little difference thereafter 

2 Free hj drochlonc acid was greatly increased , the increase v as 
again most marked m the first fifteen minutes and persisted a little 
longer than the increase m total aaditj 








TABLE 6 

Case 11 Acid administration in anaetdity (pernicious anemia) 
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3 pH was decreased, the change tending rough]} to parallel the 
increase in free hydrochloric acid 

4 The chloride content was definitely increased during the first 
hour in three out of four cases studied 

5 Peptic activity in the one case studied showed no change 

EFFECTS OF HYDROCHLORIC ACID ADMINISTRATION IX PATIENTS 
WITH ACHLORHYDRL4 

Dilute hydrochloric acid was administered in amounts ranging irom 
1 to 14 cc. Fifteen observations were made on ten patients (Eight 
of them had primary pernicious anemia, one syphilis of the stomach 


TABLE 7 

Case 11 Peptic actmly 


Time (minutes) 

! Experiment 26 (7 cc. aad 
given m 360 cc. water) 

Experiment 27 (1-tcc.aad 
given in 360 cc. water) 

Experiment 28 (14 cc. acd 
given i n 360 cc. water) 

Fasting content 

2 1 

1 6 

2 0 

8 



1 2 

15 

2 1 



28 



2 0 

30 

1 3 

1 6 


60 

2 1 

1 6 


90 

2 1 

2 0 


105 

2 1 




and one a diaphragmatic hernia ) Samples of gastric contents were 
removed at intervals varying from two to fifteen minutes and, in a 
few instances, after the withdrawal ol the last sample the stomach 
was washed out with water and the recovered water examined 

Tabulation of the results together with clinical notes on the indi- 
vidual cases follow 


A Pernicious anemia group 

Case 11 hlrs L H, aged 47, was admitted to the Medical Division of the 
University Hospital on August 25, 1924, and died February 4, 1925 Symptoms 
and findings on admission were characteristically those of pnmarj pernicious 
anemia, with a blood count of 1,500,000 red cells Transfusion was lollowed by 
a remission of moderate degree, the red cells reaching 3,200,000 Thereafter 
there was a steady decline until death Gastric studies were made immediately 
after the remission, the blood count falhng during the penod of our observation 









TABLE 8 

Case 10 Aad administration *u anacidUy ( pernicious anemia) 
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lrom 3,000,000 to 2 400,000 The diagnosis was confirmed at necropsj (See 
tables 6 and 7 ) 

Case 10 Mr \\ R , aged 55 was admitted September 9 and discharged 
November 27, 1924 Histor> and findings were characteristic of pnrnarj per- 
nicious anemia, with advanced cord changes The blood count varied from 
1 700 000 to 2,900,000 red cells Slight and transient improvement in the blood 
picture followed repeated transfusions 4t the time of discharge he was growing 
rapidlv worse, as shown bv progressive anemia and increasing cord changes The 
findings are given in tables 8 and 9 

Case 12 Mr F McC , aged 45, a patient with pernicious anemia but no cord 
changes, was studied from November 23 to December 3, 1924, during a period ot 


TABLE 9 

Case 10 Peptic achzily 


Time (mmutei) 

Experiment 10 
(\o aad given! 



Experiment 31 
(7 cc. lad given 1 
m 360 cc. water) 1 

Experiment 32 
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m ISO cc. water) 
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remission He had been previouslv admitted to the hospital on March 10 1924 
with anemia of a most advanced degree, the blood count at that time showing 
500 000 red cells Considerable benefit was derived from transrusion, but the 
most marked improvement lollowed an attack of lacial er>sipelas a month alter 
admission The blood count on Ma\ 18th was 3,200,000 red cells He was dis- 
charged and returned November 23 lor lumber studj During this interval he 
continued in fairl> good health and on rcadmission his red cell count was 3 400 000 
Treatment in the interval included the intermittent administration of dilute 
hvdrochlonc acid in 5 cc doses with each meal The tmdings in this case are 
shown in table 10 

Case 13 Mr J C , aged 26, was admitted to the hospital on December 2 
1924 and died Ftbruarv 20, 1925 He exhibited the characteristic clinical and 
laboratorv findings of primarv pernicious anemia with confirmation ot the diag- 
nosis at necropsj The splenomegalv increased urobilin output, and shghtlv 
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TABLE 10 


Experiment 33 Case 12 Acid administration m anaciditv ( pernicious anemia) 


Time j 
(minutes) , 

No acid given 

13 cc acid in 315 cc. water 

Total 
acidity | 

Free HC1 

pH 

Chloride 

Total 

acidity 

Free 

HC1 

pH 

Chloride 

Fasting 

7 

0 

6 5 

42 6 

11 

0 

7 5 

37 2 

content 









4 


, 



76 

70 

<2 0 

90 3 

8 

. 




53 

43 

2 0 


12 

; 




47 

39 

<2 0 


15 

7 

0 

6 5 

34 3 





16 





45 

39 j 

<2 0 


20 





38 

26 

<2 0 

68 6 

24 





2S 

IS 

<2 0 

> 

28 





32 

IS 

2 0 


30 

5 

0 

6 5 






32 





26 

14 

3 0 


45 

6 

0 

i 6 5 






47 



i 


39 

16 



51 





33 

15 



60 

12 

0 

7 0 

68 8 

22 

0 


69 6 

75 

10 

0 

6 5 






90 

12 

0 

' 7 0 

74 2 





105 

11 

0 

6 5 







TABLE 11 

Experiment 34 Case 13 Acid administration in anacidtty ( pernicious anemia) 



1 

1 No acid given 

5 cc acid given in 25 cc water 

(minutes) 

Total 

acidity 

Free HCI 

pH 

Chloride 

Total 

acidity 

Free 

HCI 

pH 

Chloride 

Fasting 

15 

0 


56 8 





content 

10 


1 



80 

71 

<2 0 

74 

15 

15 

0 

6 0 

40 1 | 





20 





61 

41 j 

2 0 j 


30 


0 



51 

40 

<2 0 


40 





41 

26 

<2 0 


45 

50 

8 

0 

6 5 


28 

13 

3 0 

56 4 

60 

12 

0 

6 0 






75 

12 

j 0 

I 6 5 

l 





90 

16 

! o 

I 






105 

14 

1 0 

l 


1 
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increased ery throcy te fragility, together with jaundice and a positive indirect 
\ an den Bergh test pointed toward a hemoly tic tvpe of the disease The anemia 
was of a severe degree and our studies were made during a period when the red 
cell count ranged between 730,000 and 820,000 Subsequent transfusions caused 
only slight transient improvement Our findings are shown in table 11 

Case 9 Mrs S B , aged 51, was admitted to the hospital on September 19th 
and discharged October 20, 1924 The findings were typical of primary per- 
nicious anemia The blood count on admission was 2,700,000 and fell progres- 
sively to 1,800,000 just prior to her discharge The results oi our gastric studies 
are given in table 12 


TABLE 12 


Experiment 35 Case 9 ict d adm lustration in anacidit y (pernicious anen i a) 




No aad grven 


1 cc. aad grven m j60 cc. water 

(minutes) 

Total 

acidity 

Free HO 

pH 

Total 

aadity 

Fret 

hq 

pH 

Fasting 

content 

■ 1 

0 

6 5 

15 

0 

7 0 

15 


o 

6 5 

10 

0 


30 


IMwhzHH 

6 5 

14 

0 


45 


0 

6 0 

26 

0 


60 


0 

6 0 

19 

0 


75 

10 

0 

6 0 

29 

0 


90 

13 

0 

6 0 

25 

0 


105 

17 

0 

6 5 

20 

0 



Case 15 Mr C H has been a v erv interesting patient \t the age of thirty - 
nine he was first admitted to the hospital on March 1, 1923, for a three weeks’ 
stay , and has been under observation trom time to time ever since Blness had 
begun in 1921, and in 1923 there were characteristic phenomena oi primary per- 
nicious anemia together with paresthesias and the evidence of posterolateral 
sclerosis His blood count at that time was 2 460,000 and the hemoglobin 62 
per cent Then followed a remission that has persisted to date, the blood count 
on 4pnl 21, 1925, was 5,020,000 and the hemoglobin 97 per cent The patient’s 
strength has increased, his general condition is v erv good, and he is at activ e work. 
While the evidence of changes m the nervous system are still present, the par- 
esthesias have almost disappeared Since March, 1923, this patient has been 
intermittently taking dilute hydrochloric acid with meals in a dosage that in the 
past year has been between 2 and 3 cc The gastric studies are given in table 13 
•Vttention is called to peptic activity which was quite low 
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Case 16 Mrs C 1 , aged 44, was admitted to the hospital on March 27, 1925 
The symptoms and findings were those of primary pernicious anemia, together w ith 
cord changes The blood count on admission was 1,340,000 and the hemoglobin 


TABLE 13 

Experiment 36 Case 15 lad administration in anaadtty (pernicious anemia) 


Tunc 

(minutes) 

No acid given 

8cc acid gnen in 360 cc. water 

Total 

acidity 

Tree HC1 

pH 

pP* 

Total 

acidity 

Free 

HC1 

pH 



Fasting 

9 


7 5+ 

<1 S 

12 

0 

7+ 



content 










15 

15 

0 

6 5 

<1 S 

16 

9 

2 0 

23 1 

0 

30 

5 

0 

6 5 

<1 8 

15 

4 

2 5 

26 7 

0 

45 

S 

0 

6 5 

<1 S 

16 


5 0 


0 

60 

8 

0 

6 5 

<1 8 



5 5 



75 

11 

0 

6 0 

<1 S 






90 

10 

0 

6 5 

<1 S 

7 





105 










120 





4 

0 

7 0 

12 



* pP = peptic activity 
t pT =* tryptic activity 


TABLE 14 


Experiment 37 Case 16 Acid administration in anacidity ( pernicious anemia) 


Tune 1 

(minutes) 

No acid given 

8 cc. acid given in 360 cc. water 

Total 

acidity 

Free HC1 

Total 

acidity 

Free HC1 

pH 

pT' 

Fasting 

8 

0 

S 

0 

7 5 

+ 

content 







15 

18 

0 

12 

0 

4 0 


30 

16 

0 

12 

0 

4 0 


45 

qns 

0 

12 

0 

5 0 

0 

60 

q n s 

0 

12 

0 

5 0 


75 

8 

0 





90 

8 

0 

10 

0 

6 5 


105 

12 

0 

8 

0 

6 5 



* pT =» tryptic activity 


30 per cent The patient’s condition has been little influenced by transfusion and 
at the time of this writing she is becoming steadily worse Iso control studies 
were made on pH, chlorides or ferments The results of the gastric studies 
are stated in table 14 
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Cast 21 Mr J McC , aged 4S, was admitted to the hospital on April 9, 1925 
He dates his illness from Julj 1922, when he gave blood for a transfusion to his 
sister, who later died of pnmarv pernicious anemia The patient’s symptoms and 
findings on admission were those of pnmarj pernicious anemia of an advanced 
degree The blood count has fluctuated between 670,000 and 1,250,000 and the 
hemoglobin between 21 and 30 per cent, a slight improvement following two 
transfusions The patient’s condition was so senous that only a single gastric 
stud} was made after acid administration and there are therefore no control 
figures The findings are given in table 15 

Five other patients with pernicious anemia were given 1 cc each oi dilute 
b> drochlonc acid In no instance was free h> drochlonc acid found in the stomach 
on fractional analysis As pH chloride and lerment studies were not made in 
these cases, we have omitted them from this report 


taele is 

Experiment 3S Case 21 lad administration tn anaetdily (pernicious anemia) Four 
cubic centimeters acid gren m ISO cc ~alcr (A To control observations ) 


Time (minutes) 

Total acidity 

Free HQ 

pH 

Chloride 

1 

pT’ 

Fasting con- 

5 

0 

7 5+ 



tent 






15 

14 

5 

3 0 



30 

45 

13 

13 

5 

0 

3 0 

4 0 

fl 

' 19 

60 

6 

0 

6 5 



75 

7 

0 

6 5 

1 

| 

90 

S 

0 

6 5 

I I 

if 1 9 

105 

7 

0 

6 5 

| 

1 


* pT => tryptic actual} 


B X oil-anemic group 

Case 17 Miss E G , aged 22, was admitted to the hospital on October 22d 
and discharged December 31, 1924 There was a histor} of indigestion and pam 
after meals at the onset sue months before, followed b> signs of increasing pjlonc 
obstruction with vomiting, constipation and loss of weight There were stigmata 
of syphilis, possibl} congenital, in the form of old vitreous opacities and comeal 
changes, widespread choroiditis, and a general lympbadenopathv The blood 
A\ asscmiann on repeated occasions was stronglj positn e The blood count was 
practicall} normal Gastro-mtesunal x-ra> showed an organic obstruction at the 
pvlorus, which was considered b> Dr Pancoast to be probabl} syphilis oi the 
stomach, but with the possfbibtv of carcinoma She was given active anti- 
svphihtic treatment, including salvarsan and iodide, with marked clinical im- 
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provement When last seen (April 1, 1925) she was symptom-free, her weight 
had increased from 81 pounds to 131 pounds, and fluoroscopic examination of the 
stomach showed definite improvement of the local lesion, which was still present 

TABLE 16 


Experiment 39 Case 17 Icid administration in anaadiiy ( gastric syphilis) 


Time 

(minutes) 

No acnl giwn 

14 cc acid given m 360 cc. water 

Total 

acidity 

Tree 

HCt 

pH 



Total 

acidity 

Free 

HCI 

pH 

Chloride 

P P* 

Fasting 

60 

0 

3 0 

63 

3 2 

6 

0 

7 5 

44 

2 4 

content 











15 

64 

0 

3 0 

62 1 


11 

2 

3 0 

47 

2 4 

30 

30 

0 

3 0 



20 

S 

3 0 

47 

2 4 

45 

28 

0 

3 5 



16 

2 

4 0 



60 

26 

0 

3 5 

38 9 

3 2 

IS 

0 

4 0 


2 4 

75 

26 

0 

3 5 



17 

0 

4 0 



90 

30 

0 

3 5 



16 

0 

4 0 


1 9 

105 

50 

0 

3 5 

52 7 


17 

0 

4 0 

65 



*pP = peptic actmty 


TABLE 17 

Experiment 40 Case 19 Acid administration in anacidily ( idiopathic ) 


Time 

(minutes) 

' 

No acid given 

7 cc acid in 360 cc water 

Total 

acidity 

Free HCt 

pH 

Cbtorid 

Total 

acidity 

Free HCt 

pH 

Chloride 

Fasting 

16 

0 

7 0 

74 6 

9 

0 


77 4 

content 









10 i 




| 

67 

54 


83 2 

15 

11 

0 

6 5 

70 7 





20 

i 

i 



60 

50 

2 0 


30 

9 

0 

6 5 


46 

39 

1 2 0 


40 





32 

17 

1 2 5 

60 2 

45 

8 

0 

7 5 

52 0 





60 

12 

0 

7 0 

5S 3 





75 

9 

0 

7 0 






90 


0 

7 0 






105 


1 0 

6 5 







but no longer obstructive The diagnosis of syphilis of the stomach seems amply 
warranted Our observations Vvere made m the second week of her stay m the 
hospital The findings are given in table 16 
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Case 19. Air J E, aged 54, was in the hospital from Xo\ ember 17th to 
December 23, 1924 There was a long historv of constipation, for which an 
operation had been pertormed nine v ears previouslj , and later a second operation 
for supposed postoperative ahesions Gastro-intestinal X-ra> revealed a hernia 
of the stomach through the diaphragm, a finding which was confirmed b> esoph- 
agOsCop> There was a persistant achlorhv dria. Our finding are given in 
table 17 

AN ALA. SIS OF TABLES VI TO XVH INCLUSIVE 

1 a Free hydrochloric acid did not appear m the gastnc contents 
after the administration of 1 cc of dilute acid 



Fig 1 Curves or Free HC1 in Cases X cheers 10, 13, 15, 19 and 21 after 
Receiving 4 to S cc or Acid 

b The administration of 4 to S cc ot acid was followed in two cases 
(primary pernicious anemia, diaphragmatic hernia ot the stomach) 
by an immediate rise of free hydrochloric acid to 71 and 54 milhequiv- 
alents respectively alter ten minutes, free acid continuing to be 
present in diminishing amounts up to hi ty minutes A third case 
(primary pernicious anemia) showed tree aad at two minute intervals 
for twenty-two minutes, the maximum being S2 milhequivalents at 
four minutes Two other cases oi primary pernicious anemia sbov ed 
free aad at fifteen and thirty minutes The curves are shown in 
figure 1 Three cases (primary pemiaous anemia) showed no free 
aad on fifteen-minute testing The concentration ol the aad given 
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to these patients was less than 120 nnlhmolar in seven instances, 
and four of these failed to show free acid In two instances the con- 
centration of the acid given equaled 120 milhmolar, and both of these 
patients showed free acid 



Fig 2 Curves of Free HC1 in Cases Numbers 11, 12 and 19 after Receiv- 
ing 13 to 14 cc of Acid 


t* 


Arad 

' 

dtty pHVarmho/i Giv «/» H C! 7 and 8 c c 

Cases SAmrr n* free acid • 

7 

7 

6 

<4 

3 

2 
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V 

V 

V 

/ 

— 





S 

\ 

s 
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/ 
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/ 

S 30 4-S 6C nunutmt 90 IOS 1 


Fig 3 pH Curves in Cases Numbers 11 and 16 after Receiving 7 and 8 cc 

of Acid Respectively 

c The administration of 13 to 14 cc of acid ( tnillim ofar concen- 
tration 120) in four instances was followed three times by the appear- 
ance of free acid, lasting from twenty-eight to fifty-one minutes (see 
fig 2) The peak of the curve m two cases (primary pernicious 
anemia) occurred in the first specimen that was removed A case of 
gastric syphilis showed a very slight rise in the free-acid curve One 
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case of pemiaous anemia which showed free hydro chlonc aad for 
twenty-eight minutes when the aad administered was given through 
the stomach tube and specimens removed every four minutes (curve 
A, fig 2), tailed to show tree aad when the same amount of dilute aad 
was swallow r ed and specimens w ere removed every fifteen minutes 

2 Total aadity changes following aad administration roughly 
paralleled the changes m free hydrochloric aad 

3 The effects on the pH may be summarized as follows When 
free hydrochloric aad was present after the administration of aad, 
the pH fell to 3 0 or below , the degree of change bemg roughly pro- 
portional to the degree of free hydrochloric aad present When 
there was no free hydrochloric aad present, the pH m most instances 
was unchanged In two cases, however, there was a fall in pH to 
v alues about 4 0 as shown m figure 3 This type of change was 
never observed after the administration of less than 4 cc of aad 

4 The results of our studies on the comparative chloride values do 
not lead to any definite conclusions The most constant change was 
an immediate increase after aad administration, comparable to the 
increases in aadity 

5 In no instance was any effect on peptic activity noted 

6 Trypsin was present in the fasting contents of all cases studied 
except one, and tryptic activity was but little less than that in duodenal 
contents In the one exception the material obtained from the fast- 
ing stomach was chiefly mucus 

DISCUSSION* OF EFFECTS OF HYDROCLORIC VCID VD MINTS T RATION IN 

ACHLORHYDRIA 

The effects of administration of hydrochloric aad on the various 
types of achlorhydria have been repeatedly studied m the past In 
the pemiaous anemia group the observations have been limited 
to the changes occurring in free and total aadity, and m bactenaadal 
activity, with the general conclusion (Leo, Crohn, Shaw — previously 
ated) that 1 cc of dilute hydrochloric aad produced no effect, and 
that it usually required at least 3 cc to cause the appearance oi free 
hydrochloric aad after a test meal In carcinoma ol the stomach, 
Fischer (19) found that larger amounts of hydrochloric aad were 
necessary to produce free aad in the gastric contents than were 
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required in other types of achlorhydria This he attributed to the 
buffer effect of protein split-products In the cancer group the chlo- 
rides have also been studied, with the finding usually of higher values 
than m other forms of achlorhydria 

Little or no attention has been paid by previous observers to possible 
changes in the pH of the gastric contents in achlorhydria after the 
administration of hydrochloric acid While the presence of free hy- 
drochloric acid indicates a pH of 3 0 or below, yet a wide range of pH 
variation is possible in achlorhydria (from 3 0 to 7 0 or above), a 
range in which changes are of great importance in connection with 
peptic activity It seemed to us possible that the administration of 
hydrochloric acid, although insufficient to produce free hydrochloric 
acid m the stomach contents, might nevertheless lower the pH to a 
range between 4 0 and 3 0 Such a pH, even though not optimal, 
would materially enhance peptic activity 

In our experience, small doses of acid (1 cc ) not only failed to pro- 
duce free hydrochloric acid, but also did not appreciably lower the pH 
In an occasional case larger doses did cause a fall in pH, but not to the 
point of appearance of free hydrochloric acid It is conceivable, 
therefore, that in cases of anaadity gastric physiology may be faA or- 
ably influenced at times by hydrochloric acid administration wuthout 
the appearance of free acid, in that the action of the pyloric sphincter 
may be afiected The administration of hydrochloric acid in our 
series, however, did not in any m stance increase peptic activity meas- 
ured at optimal pH, m other words, it did not stimulate pepsin secre- 
tion or prevent its destruction Nor is this true only after single doses 
of acid Cases 12 and 15 have been receiving from 2 to 4 cc of dilute 
hydrochloric acid fairly constantly for nine and twelve months re- 
spectively, yet m neither instance was peptic activity at optimal pH 
.greater at the end of that time than wffien treatment was begun It 
wrnuld seem, therefore, that m primary pernicious anemia the dimin- 
ished power to secrete pepsin cannot be restored by this therapy A 
therapeutic corollary would be the administration routinely of pepsin 
-as well as hydrochloric acid m attempting to reproduce normal gastric 
conditions 

The appearance of free hydrochloric acid after acid administration 
seems to depend on two factors (a) the nature and seventy of the 
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underlying cause of the achlorhydria, and ( b ) the amount and concen- 
tration of acid gnen In general, our best results were obtained m 
cases of anacidity that Mere not due to primary pernicious anemia, 
and m cases of primary pernicious anemia in a state of remission In 
the more amenable cases, 4 to S cc of dilute acid, usually m a 120 
millimolar concentration, produced free hydrochloric aad, in the 
severest cases, 14 cc of aad at times failed or produced only transient 
free hydrochloric aad 

When free aad does appear after the administration of hydrochloric 
aad, the maximum concentration is found in the first specimen 
remoi ed, and falls progressn ely thereafter This is true both after 
single doses and after prolonged administration of aad There is no 
evidence, therefore, to show that aad administration in achlorhydria 
is followed by increased secretion of aad by the gastric mucosa 

It was found quite feasible to administer doses of 4 to 8 cc of aad 
over long periods of time Gn en m tea or buttermilk and sipped dur- 
ing and after the meal, this amount of aad is easily taken by the 
patient Larger doses are impracticable 

THE RATE OF ORALLY AD1HXISTERED HYDROCHLORIC ACLD IX 
ACHLORHYDRIA 

It is remarkable with what rapidity hydrochloric aad, when ad- 
ministered orally, disappears or is neutralized m the gastric con- 
tents in patients with achlorhydria A number of factors must be 
considered neutralization by an alkaline gastric secretion, regurgita- 
tion of alkaline duodenal contents, swallowed sak\a and mucus, 
absorption of aad from the stomach, and rapid passage onward into 
the duodenum Our studies of the chloride concentration have shed 
no light on the problem The constant presence of trypsin in the 
fasting gastnc content proies that duodenal regurgitation at least 
plays a part 


COXCLCSIOXS 

1 The pH of the gastnc content in achlorhydria may ran^e from 
3 0 to 7 0 + 

2 In our cases of primary penuaous anemia the pH was always 
5 5 or higher le\ els at w hich peptic activity is markedly depressed 
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3 In achlorhydria, not associated with primary pernicious anemia, 
the pH may m some cases be between 3 0 and 4 0, levels which permit 
of considerable (if not optimal) peptic activity, and consequently a 
fairly efficient gastric function 

4 The presence of trypsin m the fasting content of the stomach m 
achlorhydria points to duodenal regurgitation as a constant phenome- 
non in this condition 

5 The administration of dilute hydrochloric acid in cases of achlor- 
hydria in a dosage of 1 cc is not followed by the appearance of free 
hydrochloric acid and fails to produce any material change m the pH 
of the stomach contents 

6 After larger doses (4 to 14 cc ) the pH of the gastric contents is 
lowered in some instances below 3 0 with the presence of the usual 
test for free hydrochloric acid, in others not below 3 0, and therefore 
not showmg the usual test for free acid In the latter case the change 
may nevertheless be sufficient to influence gastric function 

7 The effect produced by the acid varies with the nature and 
seventy of the disease under lying the achlorhydria, and with the con- 
centration of the a ad administered 

8 In the treatment of achlorhydria doses of 4 to 8 cc of dilute 
hydrochloric acid have been found practicable, adequate, and prefer- 
able to the usual dose of 1 cc 

9 The administration of hydrochloric acid, even though long 
continued, does not stimulate the secretion of pepsin or effect the 
spontaneous appearance of free hydrochloric acid in the stomachs of 
patients with achlorhydria 

10 In two cases of primary perniaous anemia remissions of nine 
and twelve months have co-existed with the contmued administra- 
tion of dilute hydrochloric aad in doses of 4 cc Such acid therapy is 
worthy of further observation 
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BLOOD SUGAR TIME CURVES 

B\ I M R.VBIXOWITCH 

{From the Department o f Metabolism, Montreal General Hospital, Montreal, Canada) 
(Receded for publication Ma> 21 1926) 

Blood sugar time cun.es, or what are more generally, but less 
exactly, termed sugar tolerance cur\ es, are now receiving wide clini- 
cal application As a result of tins, % anous disorders, other than dis- 
betes mellitus, are known to result m, or be associated with, a disturb- 
ance m the metabolism of carbohy drates The response of the indi- 
vidual to glucose ingestion is probably the best of indices of such a 
disturbance 

It is obvious that the “normal” type of curve must be recognized 
m order to detect pathological variations W ithm the last few yearn, 
many different results, obtained in apparently normal individuals, 
hav e been recorded A study of the literature howev er, shows that in 
obtaining these results, not only have various procedures been toffowed 
as to selection of the amount and type of sugar, and the periodic col- 
lection of blood and urine specimens but the anal} tical methods for 
blood sugar estimation have been different The literature on the 
subject has become voluminous, and for brevity no attempt at renew 
will be made here, since it would serve no particular purpose in the 
present discussion 

In spite of the many procedures and different technical methods, 
a statistical study of all the results would tend to giv e a iairly approxi- 
mate idea of what is the response of the normal individual to glucose 
ingestion This view is based upon one of the theorems of statistics, 
namely, that the arithmetical mean ot a large senes ot observed v alues, 
is the most probable v alue of the quantity measured Such painstak- 
ing study has, recentl}, been made (1) In a comprehensive stud}, 
including a statistical anal} sis of 40C0 individual blood sugar deter- 
minations in 971 cases, Gra} armed at standards which are generall} 
accepted The v alues ot the mean and the mode (the most frequent 
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results) of the series agreed very closely The blood sugar time curve 
is characteristic The fasting blood sugar is about 0 090 per cent 
Following the administration of glucose, the maximum increment is 
noted within 30 minutes, and the value is below 0 180 per cent, the 
average peak bemg 0 140 per cent The rate of decline is at first 
rapid, then slower Within three hours the blood sugar concentration 
is equal to or below that of the fasting period 

In only 10 of 431 cases was the fasting level above 0 120 per cent 
Eight of these were 0 130 per cent In one case it was 0 150 and in 
another 0 160 per cent These data are of particular mterest since, 
m the majority of cases (300 out of 479), the dose of sugar administered 
by the various workers was that now generally employed, namely, 70 
to 100 grams In the majority of the 300 cases abnormal glycosure- 
sis did not occur It was, however, found m a sufficient number, 
namely 129, to emphasize the difficulty of the interpretation of this 
phenomenon 

The majority of observers are also in agreement as to the relation 
between the type of the curve and the dose of sugar given With as 
little as 5 grams an appreciable increase was noted The highest 
peak with the smallest dose was as great as the average peak with 
the larger dose With doses exceeding 25 grams the peak was not 
affected Increasing the dose merely prolonged the time necessary 
for the blood sugar to return to its original fasting level The differ- 
ence between the effects of the starches and glucose was too small to 
determine any special preference 

In spite of these findings, however, one frequently meets with 
differences of opinion as to what may be regarded as a “normal” 
curve There appears to be a fairly general agreement as to the value 
of the concentration of sugar in the blood in the post absorptive state 
and the time necessary for the blood sugar to return to the basal level 
There is, however, much difference of opinion as to the maximum con- 
centration of blood sugar which may be regarded as normal following 
glucose ingestion Blood sugars as high as 0 250 per cent have not 
been regarded by some observers as pathological, providing they have 
returned to the normal level in two and a half or three hours These 
high values have been attributed to the great differences, in different 
individuals, of rates of absorption of glucose from the alimentary 
canal 
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It appears reasonable that this problem would be much simplified 
if a large senes of observations w ere made by one procedure and one 
technical method of blood sugar estimation This has been done and 
the object of this communication is to record the results of over seven 
hundred such blood sugar time curves In each case the following 
routine u as adopted It is one generally m use, but it is described m 
detail for the purpose ot the present discussion 

Xo food nor fluids of any hind v\ ere allow ed after 6pm the ev emng 
before the test In the morning, the patient voided One hundred 
grams of ordinary glucose, 1 dissolved m 250 cc water and flavored 
with lemon juice were then given, and blood and urine specimens 
were collected 30, 60, 120 and 180 minutes later 2 Benedict's qualita- 
tive test was used for detecting sugar in the urine All blood sugar 
estimations were made by the Lewis-Benedict method, with slight 
modifications, but with no alteration in principle A bnef remark 
with reference to this method may not be out of place 

It is a generally recognized fact, that this procedure yields higher 
values than the Fohn-Wu method In an investigation such as this, 
there are, however, other and equally important considerations in the 
selection of a method It might be pointed out that much ot our 
knowledge of blood sugar time curves and our ideas ot fasting and 
threshold blood sugar values are the results of work done with picric 
acid procedures In fact, though the prevalent method is probably 
that of Folin and Wu, there is relatively little in the literature on 
studies of fasting and threshold values made ■with the use of the Folin 
and Wu method, and with “ordinary” glucose It appears rather 
illogical to obtain blood sugar time cur\ es by one method, and m the 
interpretation of results, accept as standards, values obtained b> 
another method, when the methods do not yield identical values 

1 The term ordinary glucose refers to the commercial product The chemical]} 
pure sugar was not used, since it is rarel' emploved lor clinical purposes, and the 
value of data obtained with it would thcreiore be limited for comparative purposes 

- 1 he collections of accuratelv timed blood specimens were made possible with 
the assistance of Drs F G Strean Harold Eberts C X Ramsav , P \\ ard E S 
Mdls, I Trossman, AI C Childs, J B Ro=s F Hume and B Uexander, who at 
different times were house pb>$icians m the Metabolism Service Grateful 
acknowledgment is due the Xursing Sufi in charge ot the various wards who were 
responsible for the collection of urmar> specimens 
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The actual glucose content of human blood is still unknown No 
better demonstration of this fact can be found than in the continual 
researches and critical analyses of each other’s work by Fohn and Bene- 
dict The more recent methods tend to yield lower values While 
this important problem is still under investigation it is considered 
advisable to adhere to one method, the technique of which has been 
thoroughly mastered This has been done in this laboratory and 
during the last sl\ years approximately 30,000 determinations have 
been made with the method employed in this study As a result of 
this experience, we are quite in agreement with Benedict (2) in his 
assertion that rarely has the clinician been misled in the interpretation 
of blood sugar results obtained by the picnc acid method We have 
also frequently noted the fact, mentioned by Benedict, that the rate 
of return of the blood sugar to the normal level, as found with the 
picnc acid method, paralleled the clinical progress of diabetics more 
closely than the results with the Fohn and Wu method, wuth which 
the decline in blood sugar concentration was more rapid 

The method of investigation was, firstly, to accept as a standard 
curve, for statistical purposes, the average values lound by Gray for 
normal individuals, which are as follows 

a Post absorptive blood sugar, 0 080 to 0 120 per cent 

b Maximum blood sugar following glucose ingestion not above 0 ISO per cent 

c Blood sugar at the end of 3 hours 0 080 to 0 120 per cent 

The clinical picture in each case was correlated with the blood sugar 
time curve 

Evidence suggesting diminished sugar tolerance was found m 268 
out of 713 cases In 140 out of the 268 cases, the curves showed 
that hyperglycemia was present at the end of three hours These 
are excluded from the present discussion We are particularly con- 
cerned with the 128 remaining curves which showed maximum blood 
sugar concentrations above 0 180 per cent, and normal blood sugars at 
the end of 180 minutes These w r ere divided into two groups according 
to the clinical pictures with which they were associated as follows 

Group 1 Thoj 3 coalitions known to cause, or to be associated with a dis- 
turbance of carbohydrate metabolism 

Group 2 Those in which no reason could be found for the abnormalities in 
the curves 
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All subjects v, ere hospital cases In table 1 are recorded in each group 
the different clinical conditions, and their incidence It vnll be noted 
that in 99 (group 1) out of the 128 cases an incidence of 77 3 per cent — 
the clinical conditions were such as to offer reasonable explanations 
for the characters of the blood sugar time curves In only 29 cases 


T1BLE 1 

Subjects ceith maximum blood sugar concentrations abo~e 0 ISO per cent and normal blood 

sugar after 1^0 m miles 


Group 1 


Group 2 


CUtLcal dugnoais 

loci 

dcnce 

Clinical diagnosis 

Ina 

dene? 

Gh cosuna* 

CJJCS 

24 

Gastric ulcer 

CJ ts 

2 

Exophthalmic goiter 

21 

Migraine 

2 

Tone adenoma 

4 

Chrome tonsillitis 

i 

Rheumatoid arthritis 

S 

Menopause 

4 

Chrome pancreaUtrs 

3 

Tabes 

1 

Chrome cholecystitis 

5 

Chrome pleurisy 

1 

Cholelithiasis 

3 

Myocarditis 

5 

Hepatic cirrhosis 

8 

Tuberculosis 

5 

Convalescent from catarrhal 


Vagina pectons 

: 

jaundice 

I 1 

Chrome endocarditis 

2 

Chrome eczema t 

11 

Xo disease, chronic 


Pregnancy 

1 

Outdoor visitor 

i 

Chrome nephritis 

S 

Chrome bronchitis 

i 

Hemiplegia 

1 

Duodenal ulcer 

2 

Encephalitis lethargica 

1 

Chorea 

i 

Total 

99 

I Total 

29 


* Ail of these subjects came under observation because gycosoria was discovered 
during examination for life assurance policies In fifteen of these there was a lamd> 
history of diabetes 

tThe Department of Dermatology is not mating an investigation of this type oi 
case Some of these subjects have been noted to improve on low carbohydrate d.cts 
In two of these there was a family history of diabetes 

(group 2) did there appear to be insufficient reason for the high blood 
sugar noted 

A detailed analysis of the maximum blood sugar concentrations 
following glucose mgestion are recorded in table 2 It is obvious irom 
a glance at this table that the highest blood sugar -values were lound m 
group 1 Of the 29 cases in group 2, 19 had blood sugars belcrv 0 200 
per cent These results ma> be stated differently Oi 713 subjects 
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only 29 showed hyperglycemias (blood sugars above 0 180 per cent) 
following ingestion of ordinary glucose that could not be attributed to 
disease In 19 of these the blood sugars ranged between 0 181 and 
0 200 per cent Marked hyperglycemias (blood sugars above 0 200 
per cent) were therefore found m only 10 out of 713 cases, an incidence 

TABLE 2 


Cases from table 1 analysed unlit res peel to maximum blood sugar concentration 


Maximum blood sugar 

Incidence 

Group 1 

Group 2 

per cent 

cases 

cases 

0 181-0 185 

ii 

s 

0 186-0 190 

12 

4 

0 191-0 195 

4 

5 

0 196-0 200 

17 

2 

0 201-0 205 

6 

3 

0 206-0 210 

2 

i 

0 221-0 215 

3 

0 

0 216-0 220 

0 

1 

0 221-0 225 

16 

0 

0 226-0 230 

4 i 

1 

0 231-0 235 

10 

1 

0 236-0 240 

0 

0 

0 241-0 245 

3 

0 

0 246-0 250 

7 

1 

0 251-0 255 

0 

0 

0 256-0 260 

0 

1 

0 261-0 265 

0 

0 

0 266-0 270 

2 

1 

0 271-0 275 

0 

0 

0 276-0 280 

0 

0 

0 281-0 285 

0 

0 

0 286-0 290 

0 

0 

0 291-0 295 

1 

0 

0 296-0 300 

0 

0 

0 301- 

1 

0 


of 1 4 per cent These data therefore appear to offer reasonable proof 
that in the great majority of instances, blood sugar values above 0 180 
per cent are pathological As to blood sugars above 0 200 per cent, 
the percentage incidence of these, in individuals with no apparent con- 
ditions to account for disturbance in carbohydrate metabolism, was 
so small that it would be practically necessary to assume an infallible 
technique to regard their occurrence as positive 
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Further evidence that maxiinum blood sugar concentrations aboi e 
0 180 per cent following ingestion of “ordinary” glucose are distinctly 
pathological was found by correlating post absorptive blood sugar 
■values and blood sugar time curves Of the 713 subjects, 103 had 
hyperglycemia (above 0 120 per cent) in the post absorptive state 
These subjects were grouped according to their post absorptive blood 
sugars, 0 120 to 0 125 per cent, 0 126 to 0 13G per cent, etc In 
table 3 are recorded in order the different groups, the number of indi- 
viduals in each group, and the number ot these who had diminished 
sugar tolerance These results rather strikingly demonstrate the 
real significance of blood sugar time curves, in which maximum 

TABLE 3 


Correlation of high post-adsorflton blood sugar value aith occurrence of diminished tolerance 

m blood sugar lime cur~e 


Post absorptive blood 

| "Number ol ojea 

Diminished tolerance 

SU£3IT 

Number of cases 

Percentage incidence 

fxr uni 

0 121-0 123 

23 

i 

14 

60 8 

0 126-0 130 

23 

18 

78 2 

0 131-0 135 

9 

8 

88 S 

0 136-0 U0 

i U 

13 

92 S 

0 141-0 145 

7 

7 

100 0 

0 146-0 150 

6 

6 

100 0 

0 151- 

21 

21 

i 

100 0 


sugar concentrations reach above 0 180 per cent In no case with a 
basal blood sugar of 0 140 per cent or over, did the curv es tail to nse 
above the 0 180 per cent le\ el In spite of the fact that the slight 
differences of values between 0 121 to 0 125 per cent may easily ha\e 
been the results of technical errors, over sixty per cent ot this group 
showed diminished tolerance in their curves These results further 
corroborate the view expressed by Benedict that blood sugar -values 
determined by the picnc acid method have rarely misled the clinician 
in his interpretation 

An attempt was made to correlate glycosuria with the character 
of the blood sugar curve Glycosuria was found in 309 out of the 713 
cases an incidence of 43 3 per cent This agrees % ery closely with that 
tound by Gray in his study As stated aboi e Gray lound gly cosuna 
in 129 out ot 300 cases — an incidence of 43 per cent Ol our 268 










586 


BLOOD SUGVR TIME CURVES 


cases showing positive curves, 200 showed glycosuria It will there- 
fore be seen that 109 subjects with normal blood sugar curves had 
glycosuria The deduction made from these observations is that 
glycosuria following ingestion of “ordinary” glucose is not a reliable 
clinical mde\ of a disturbance of carbohydrate metabolism 

SUMMARY 

A large number of blood sugar time curves were obtained in order 
to determine whether individuals, who have maximum blood sugar 
above 0 ISO per cent, following ingestion of ordinary glucose, but whose 
blood sugar returns to the normal level at the end of three hours, may 
be regarded as normal 

By correlating the blood sugar time curves with the chnical pictures 
it was found, in the great majority of cases, that maximum concentra- 
tions above 0 180 per cent were associated with conditions known to 
cause or be associated with a disturbance of carbohydrate metabolism 
In view of these findings, it is regarded that the presence of a normal 
blood sugar three hours after glucose ingestion is not a sufficient basis 
for the diagnosis of a normal carbohydrate metabolism 

A blood sugar increase of over 0 180 under the same set of conditions, 
should, m the majority of cases, be regarded as pathological This 
figure becomes more significant m view of the fact that the prevalent 
method of determining blood sugar (Fohn and Wu), yields, as a rule, 
values lower than the picric acid method 3 

This work was done with the technical assistance of Miss Althea B 
Frith, Miss Jane Spier and Miss Helen McGachen 
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3 While this paper was m the press an article by Petty Sr Stoner appeared m 
the American Journal of Medical Sciences (1926, clxxi, 42), on “Respiratory quo- 
tient curves in the diagnosis of diabetes ” By respiratory metabolism data these 
workers came to the same conclusion as we have, namely, that a number of indi- 
viduals whose blood sugar was normal before and three hours after the adminis- 
tration of glucose were shown to be definitely diabetic, and that such blood sugar 
findings do not form a sufficient basis for the exclusion of the diagnosis of diabetes 
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tFrom the medical scr-ice of Dr C P Howard and tl e Departme it of Metabolism J lon'rcil 
General Hosp tal, Montreal Canada) 

'Received for publication Maj 11, 1925) 

A senes of otserx ations haxekeen made reccntl>,the results cf which 
suggest, a relationship between artenal hypertension and guanidine 
metabolism Major and Stephenson (1) studying the influence cl cer- 
tain urinary constituents on blocd pressure, noted that meth> 1 guani- 
dine, a product of normal metabolism and a constituent ol normal 
urine, had marked pressor effects These authors suggested that this 
compound, if produced m excess or imperfectly excreted, might ac- 
count for increased blood pressure Creatinine and creatine, sub- 
stances closel> allied to meth} 1 guanidine chemically, were found inert 
Later (2) obsen ations confirmed the rise m blood pressure follow mg 
experimental injection of methjl guanidine In addition it was then 
noted that, in short period experiments, rise m blood pressure produced 
by guanidine compounds could be abolished b> the use of calcium or 
potassium chloride The latter is ol interest, in view ol the clinical 
results obtained from the use ol these salts as reported bj Addiscn (5) 
and Addison and Clark (4), who found that these inorganic salts, 
when gnen m large doses (about 15 grams per da>) oxer long periods 
of time, produced a diuresis and accompanying this there was a de- 
cided and prolonged fall in blood pressure m a large percentage ol cases 
of hypertension In a further communication Major (5) reported two 
cases of artenal hypertension in which the daily excretions ol guani- 
dine bases were obsen ed In both, dunng produced diuresis, a m,e in 
unnar} excretion of dimethj 1-guamdine was accompanied b> a lall m 
blood pressure Experimental evidence was also presented b\ the 
same worker (6) faxonng the view that the elexation in bleed pressure 
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following administration of guanidine compounds is due to the periph- 
eral constriction of the artenoles 

In view of the above findings we have made a study of the excretion 
of guanidine compounds m a senes of normal individuals and m 
patients with hypertension 

In all their investigations Major and his co-workers employed the 
technical method descnbed by Findlay and Sharpe (7) for the quanti- 
tative estimation of dimethylguamdme In our earlier work with this 
technique some difficulty was encountered in that, m spite of the 
theoretical differences in solubility between guamdme picrate and the 
creatinine compound, the latter was found to interfere greatly with 
quantitative results The method employed, subsequently, was that 
more recently described by Sharpe (8) The steps suggested by Sharpe 
for the separation of creatinine from guamdme (fractional crystalliza- 
tion or the use of blood charcoal) have yielded results sufficiently 
quantitative for the present purpose By this method Sharpe has 
shown that about 90 per cent of added guamdme hydrochloride can 
be recovered from a solution containing this compound, sodium chlor- 
ide, potassium chloride and creatinine hydrochloride The same 
percentage recovery may also be noted when guamdme hydrochloride 
is added to normal urine The writers are mdebted to Dr Sharpe 
for the helpful suggestions made in a personal communication, with 
reference to this method 

Observations were made first upon a senes of normal urines As 
noted by Major, marked fluctuations were found m the amounts ex- 
creted dady by the same individuals Two possible explanations for 
this are suggested Like most of the other nitrogenous substances 
excreted, the daily amounts may vary In view, however, of the con- 
stancy of creatinine excretion and the chemical relationship between 
creatinine and methyl guamdme, it is quite possible that the total 
amount of guamdme bases excreted daily is constant for the individual, 
but that the relative proportions of the different compounds vary and 
that all of these are not recovered quantitatively by the method em- 
ployed In view of the above consideration data were collected to 
determine the average daily excretions m normal individuals In each 
case observations were made on three successive days The results 
on ten such individuals are recorded m table 1 
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TABLE 1 

Daily excretion of dimethyl guanidine by normal individuals 


Subject 

Da> 1 

1 

Day 3 

\verase per day 


m£pi 


mim 

j vt£a 

i 

174 

84 

112 

123 

? 

6S 

! 127 

14S 

114 

3 

132 

186 

147 

135 

4 

S8 

147 

82 

106 

5 

147 

132 

7S 

119 

6 

66 

43 

117 

75 

7 

142 

176 

164 

160 

S 

5S 

124 

S6 

S9 

9 

94 

17S 

98 

123 

10 

162 

141 

67 

123 

\\ exage. 

119 


TABLE 2 


Subjects xith marked arterial hypertension 


w 

u 

-a 

a 

3 

1 

% 

1 

Blood 

Urine urea, 
concentration 

Urea N 

o 

J§ 

a 

u 

CJ 

3 

O 

-a 

S 

Second hour 

Urea conccntru 
tlon factor 



mi m 

mtm 

per 

per 





Per 


uni 




lOOcc. 

100 cc 




4742 

35 

14 


1 51 


16 

4878 

42 

39 

Web 





62 

IS 

1 46 

1 16 

1 29 

22 

4944 

48 

17 

1 47 

1 14 

1 62 

32 

4997 

41 

17 

1 36 

2 70 

2 66 

50 


76 

24 

HE 




5032 

49 

22 

1 76 




5095 

55 

39 

EXE 

1 33 

lUta 

13 

5139 

37 

15 

1 36 

2 SS 

2 SS 

60 

5194 

56 

98 

4 68 

1 16 

1 11 

4 

5221 

57 

35 

2 14 

1 08 

1 26 

14 

5400 

55 

17 

1 42 

3 36 

3 60 

70 

6159 

62 

21 

1 66 

1 SS 

1 92 

32 


Average. 


Blood 

pressure 

Dally ewretioa of dmttiyl-jruarulice 

3 

W 

u 

-o 

J 

Q 

« 

<5 

a 

>» 

a 

X 

Si; 

o „ 

< " 

.3 

< 

1 



min 

aim 

aim 

aim. 





74 

45 

82 

67 

T 

*r 

145 

100 

214 

110 

78 

134 

0 

0 


100 

126 

164 

213 

167 

0 

0 


110 

68 

111 

46 

75 

T 

-r 

B 5 

Kr 

212 

314 

178 

235 

0 

0 



174 

80 

96 

117 

~r 

-r 

242 

142 

74 

32 

68 

5S 

-f 

T 


128 

112 

47 

84 

81 

*r 

T 

13 

100 

46 

86 

114 

S2 

0 

0 


165 

84 

38 

56 

59 

T 

— 

210 

130 

46 

87 

69 

67 

T 



urn 

210 

116 

S4 

137 

T 



110 

116 

S4 

6S 

S9 

0 

0 


105 
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In table 2 are shown the average daily excretions in thirteen cases 
of marked arterial hypertension In each case are also recorded, 
in order, the values of the blood urea nitrogen, blood creatinine, 
urine urea concentration following ingestion of 15 grams urea, and the 

t /mgm Urea N per 100 cc urine \ 

urea concentration factor 1 — 2 — — — — — - , the 

\mgm Urea N per 100 cc blood/ 

systolic and diastolic blood pressures, and the presence or absence of 
albumm and casts m the urine Practically all blood pressure obser- 
vations were made by the same individual, and the beginning of the 
fourth phase was accepted as the diastolic pressure 


DISCUSSION 

The average daily excretion of dimethyl-guanidine in the thirteen 
cases of hypertension was 105 mgm This was lower than that found 
m the normal subjects, namely 119 mgm , but equal to that found by 
Major in normal subjects Since with our present knowledge the 
variables affecting excretion of guanidine bases are not known one 
cannot accurately determine which deviations from the “means” 
are purely fortuitous Application of statistical methods to the phe- 
nomenon of variation observed here would therefore yield information 
of limited significance It is merely stated that a glance at both 
tables 1 and 2, shows that m the majority of instances the low average 
values of guanidine excretion are associated with the high values of the 
diastolic blood pressures This is of interest in view of the suggested 
mechanism by means of which the guanidine compounds raise the 
blood pressure, namely, by peripheral constriction of the arterioles 

Daily observations were made in one case over a period of two weeks 
The subject, a female, aged 35 years, was admitted into the Medical 
Service of one of the writers (C P H) on October 6, 1925 The 
clinical picture was that of chronic interstitial nephritis, associated 
with syphilis There was marked thickening of the blood vessels, 
cardiac hypertrophy, and some retinal changes Blood pressure 
systolic 250, diastolic 160 The unne contamed albumm and casts 
The blood urea nitrogen was 14 mgm per 100 cc blood, creatinine 
1 20 mgm per 100 cc The urea concentration factor was 16 

The patient was kept in bed throughout the period of observation 
and on a constant diet Daily examinations were made with reference 
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to blood pressure and the excretion of water and guanidine When 
the blood pressure tended to remain at a constant lex el following the 
initial fall due to rest m bed, calcium chloride was gixen m doses of 
5 grams three times a day The aboxe daily examinations w ere con- 
tinued The results are recorded m table 3 It will be noted that 
during the first four days, though the systolic blood pressure fell from 
250 to 220 mm and the diastolic pressure tell from 160 to 125 mm 
there was no mcrease in the excretion of guanidine This v as con- 

T4BLE 3 


Blood pressure, excretion of urine and dimethyt-guanidtne in a case of chronic inters l hal 

nephritis (Case J7-I2-25) 


Date 

Blocd pressure 

Dally excretnn 
of dimethyl- 
gpian.rtinr 

\ dome of 
unne 

S>5toIx 

Diastolic 




mim 1 

cc 

October 6 

250 

160 

74 

950 

October 7 

205 

130 

45 

1,400 

October S 

220 

130 

S2 

S70 

October 9 

220 

125 

6S 

920 

October 10* 

225 

130 

112 

2,400 

October 11 

210 

135 

3S6 

3,550 

October 12 

1S5 

125 

240 

2,620 

October 13 

ISO 

120 

3 IS 

3,000 

October 14 



| 194 

2 990 

October 15 

1 


206 

3,900 

October 16 

17S 

122 

370 

2, SCO 

October 17 

ISO 

IIS 

3S5 

2 S00 

October IS 

170 

115 

. 294 

3 100 

October 19 

ISO 

110 

i 192 

1 600 


* Calcium chloride treatment (5 grams t_i d ) commenced. 


trary to that expected if there is perfect correlation between guanidine 
excretion and blood pressure During this period there uas no polyuria 
Following the institution of the calcium chloride treatment (October 
10) both the sy stohe and diastolic pressure tell still turther TJus z.as 
accompanied by a marked diuresis, and the excretion oi guanidine 
bases was increased Unne xolume output theretore appeared to in- 
fluence excretion in this case The lact is merely mentioned that 
following calcium chloride treatment a lowering ol the blood pressure 
occurred It does not necessarily follow that tlm was caused by the 
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treatment As a matter of fact we have sufficient data proving 
the inefficacy of this therapeutic measure 
In view of all the above findings, the relationship between arterial 
hypertension and decreased guanidine excretion is suggestive, and on 
the whole, there is some corroboration of the work of Major and his 
associates, on the relation between increased guanidine excretion and 
diuresis However, the fact that some individuals with marked hyper- 
tension excrete normal amounts of guanidine bases, and that m the 
case reported above (No 4742) the fall m blood pressure during the 
earher period of observation was not accompanied by an alteration 
in the excretion of these substances, warns us that more must be known 
of this relationship 
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PROCEEDINGS OF THE EIGHTEENTH ANNUAL MEETING 
OF THE AMERICAN SOCIETY FOR CLINICAL INVESTI- 
GATION HELD IN ATLANTIC CITY, NEW JERSEY, MAY 
3, 1926 

33c Slbion EHalter 3§etolett 
$}o TO 1874 JDl 1925 

During the past year we have lost by death one of the small group 
ot men to whom the foundation of this society \\ as due and one who 
later became its President, Dr Albion Walter Hewlett 

While still a medical student his intellectual ability, his lndustrj 
and his power of clear thinking and accurate expression marked him 
as one who was destined to become an important figure in his pro- 
fession 

He very early began to exhibit an interest m the fundamental proc- 
esses concerned in disease, and w as not content merely to observe and 
describe the superficial and obvious This interest led him to the stud} 
of normal physiological processes and to apply the methods oi this 
study to the sick. 

These interests, which twenty years ago were not so common as 
they are now, led him and others of like mind to gravitate together, 
and as a result there came into being this organization of men bound 
together for sear chin g out the underlying secrets of disease 

But Dr Hewlett was also interested m men, in sick individuals, in 
the classification of disease, m diagnosis and in treatment He was a 
skillful clinician These qualities were the ideal ones lor the successful 
teacher and leader, and it was not surprising therefore that he was 
called, while very young, to become the Professor oi Medicine at one ol 
the important universities, the University of Michigan 
While at Ann Arbor, Dr Hewlett endeared himself to lacult} and 
student body alike His sincerity and the thoroughness with which he 
executed the trust placed in him as head of the department oi medicine 
was an inspiration and stimulation to all, particular!} to the }oung 
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men who were fortunate enough to become intimately associated with 
him 

Under Dr Hewlett’s direction the Department of Medicine at 
Michigan continued to grow and made marked and well recognized 
advancement Under his leadership valuable contributions to scien- 
tific medicine were made 

Later he was called to the home of his boyhood, to become Professor 
of Medicine at Leland Stanford University m California Here he 
continued this valuable work as a physician, teacher and investigator 

Dr Plewlett possessed not only an unusual intellectual equipment 
and ability as an investigator, teacher and physician, but also a most 
attractive personality Quiet and thoughtful, and giving the impres- 
sion of much reserve power and force, yet he was a most interesting 
and agreeable companion All the members of the early group com- 
prising this society were his personal friends Pie was always inter- 
ested in the younger members of this society and many of them were 
guided m their later careers by his writings and by his personal 
influence 

The profession of medicine has lost in Dr Hewlett one of its ablest 
and most valuable members, this society has lost one of its wisest and 
most capable counselors 

But we have lost much more, we have all lost a sincere and true 
friend It is therefore especially fitting for this society to record our 
admiration for Dr Hewlett as an able scientist, our appreciation of 
him as a wise and skillful physician, and at the same time express the 
personal affection which all of us had for him as a fellow worker and a 
friend 


PRESIDENT’S ADDRESS 

MALARIA SOME INTERESTING OBSERVATIONS RELATIVE TO MALARIA 
THAT HAVE BEEN MADE IN THE TREATMENT OF GENERAL PARALYSIS 
BY INOCULATION WITH MALARIA PLASMODIA 

C C Bass 

In 1917, Wagner von Jauregg (1) first reported the treatment of 
general paralysis by inoculation with malaria Favorable results 
were ob tamed m six of the nine cases, three of which were later re- 
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ported to be still actively at work, after four years In 1922, he 
reported more than 200 cases treated by this method, o\ er 50 of which 
showed remissions sufficient to permit the majority of them to resume 
their former occupations His early report was followed by reports of 
other observers m Germany and Austria particularly, but still later 
in several other countries (2) (3) (4) (5) (6) (7) Reports of apparently 
favorable results in this disease, for which no satisiactory treatment 
had been available hitherto, have led to an ever increasing employ- 
ment of this method until at the present time the literature contains 
reports of a few thousand cases Most ot the reports indicate fax orable 
results in a proportion of cases ranging from almost none up to as high 
as 88 per cent (8) 

On the whole, the results published are most encouraging How- 
ever, still more time and experience may be necessary to show how 
much allowance should be made for over enthusiasm in the use ot a 
new and somewhat spectacular method of treatment and the difficulty 
of controlling the personal factor m the interpretation of the clinical 
state, especially m nervous and mental diseases This applies partic- 
ularly to syphilis of the nervous system m which the condition is 
chrome The progress is often extremely slow, there are spontaneous 
improvements and the symptomatology is such that one is easily led 
astray There is great danger of misinterpreting slight remissions as 
arrest and of attributing apparent results to treatment when they 
would have occurred otherwise 

Whatever therapeutic value this method of treatment may prove 
to have, the dehberate inoculation ol hundreds and even thousands 
of patients with malana under favorable conditions of control, in 
many particulars at least, has aSorded an opportunity lor observa- 
tions upon certain features of malana, far greater than had previously 
existed These observations have served to emphasize certain facts 
in regard to malana which were already well known but perhaps not so 
thoroughly appreciated and also to bnng to light other facts about 
which much less was known Smce the observations wnth regard to 
malana were made maden tally in most instances, when the mam 
objective was treatment of another entirely different disease, they 
are probably less influenced by pre-formed ideas My purpose is to 
call attention bnefly to some ol these promts which mav be called by- 
products of clinical investigation of the treatment of general paralysis 
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Method of inoculation Blood drawn from the vein of a malaria , 
subject has been injected intramuscularly, subcutaneously or in- 
travenously Inoculation directly into the blood stream is somewhat 
more certain to infect, although both subcutaneous and mtramuscular 
inoculations are nearly always successful Injection of blood imme- 
diately after withdrawal gives best results, but citrated blood has been 
used successfully m some instances several hours after its withdrawal 
In one instance (9) defibnnated blood was kept ‘on ice’ for 65 hours 
and used successfully By keeping it on ice, it has retamed its m- 
fectivity after transportation over long distances Inoculation by the 
bites of mfected mosquitoes has been employed, but it has been found 
that on the average, cases inoculated in this way, are much more 
difficult to cure of their infection permanently In one instance re- 
ported by Davidson (10) of 23 mosquito mfected cases, 56 5 per cent 
relapsed after 30 grains quinine daily for 3 days, whereas of 33 inocu- 
lated cases only 3 3 per cent relapsed Many others have noted the 
infrequency of relapse of inoculated cases of malaria One of the 
facts that seems to be established by these studies is that passage of 
malaria parasites through the sporozoite cycle in the mosquito in- 
creases their resistance m the human body 
Incubation period The incubation period, measured by the ap- 
pearance of parasites m the peripheral blood and the occurrence of 
fever, varies according to the mode of infection It averages about 
fourteen days following infection by mosquitoes, a little longer fol- 
lowing intramuscular or subcutaneous inoculation, and about seven 
days following intravenous inoculation Clinical symptoms do not 
seem to be influenced by the mode of infection 
Different strains Considerable variation in different s trams of the 
same variety of parasite with regard to the height of the temperature 
has been found For instance, Bunker and Kirby (11), using two 
different strains of P vivax, found with one that the temperature 
reached 105°F in 23 per cent of the cases, while with the other, 86 
per cent reached this temperature Only 3 per cent of the cases in- 
oculated with one of the strains reached 106°F , while 64 per cent of 
the cases inoculated with the other one reached this height Other 
effects, such as jaundice and anemia, are much more marked from 
certain strains than from others of the same variety of parasites 
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Immunity Although it has been possible to mlect nearly all cases, 
a few have been found that seem not to be susceptible Bunker and 
Kirby (11) ate one patient who failed to acquire malaria after four 
widely separated intravenous inoculations although other patients 
inoculated with the same blood at the same time developed the disease 
in the usual manner A good many cases are also reported where 
patients who had recovered from a successful inoculation, either 
spontaneously or as the result ot treatment, were immune and could 
not be infected again Acquired immunity therefore exists, although 
rarely 

Spontaneous recovery A great many cases reported have lost their 
infection and entirely recov ered after only a few paroxysms, without 
any quinine or other treatment This often occurs m the same way in 
naturally infected persons, as is well known to those who are familiar 
with malaria In fact, m regions where malana is very prevalent, 
there are a great many infected persons who have few or no symp- 
toms, although parasites m their blood are easily demonstrated 
Spontaneous recovery occurs m many of these and this is followed by 
more or less immunity' from subsequent infection However, we hav e 
shown (12) several years ago that whatever immunity follows spon- 
taneous recov ery is probably ot short duration 
Effect of treatment The effect ot treatment in these inoculated 
cases of malana under favorable conditions tor observation has been 
impressiv e and is probably the most important fact trom a practical 
standpoint that has been brought out The experiences reported 
emphasize the effectiveness of quinine m the treatment of malana and 
indicate that the large amount often given to malana patients is 
unnecessary The treatment used by the different observers has 
vaned considerably ranging from 5 to 30 grams quinine (usually by 
mouth) daily for penods ot irom three days to two weeks and occa- 
sionally, but rarely, longer \mong the three or four thousand cases 
reported, the clinical attacks were promptly controlled, usually within 
24 hours and always within two or three days This is in line with 
the expenence of many students of malana to the effect that attacks 
ot this disease are always promptly controlled by the use ot moderate 
doses ot quinine 

Clinical investigation or clinical research, the encouragement and 
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promotion of which is the object of this Society, has, m this instance, 
not only furnished information relative to what it now seems may be a 
valuable therapeutic agent for general paralysis, but at the same time 
it has shed new light on the entirely unrelated disease, malaria, and has 
impressively emphasized certain previously known facts relative to 
this disease 
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The Relative Importance of the Systolic and Diastolic Blood Pressure m Maintaining 
the Coronary Circulation By Fred M Smith and (by invitation) G H Miller 
and V C Graber, Iowa City 

The object of the investigation was to determine the effect of specific changes 
in the systolic and diastolic blood pressure on the coronary circulation 

Dogs were employed They were anaesthesized and the blood pressure from 
the carotid artery was registered on the kymograph by a Straub membrane 
manometer The chest was opened and a Morawitz-Zahn cannula was introduced 
into the coronary sinus The blood was prevented from coagulating by heparin 
The blood from the coronary sinus was collected in a 50 cc graduate, and the 
amounts were registered on the kymograph The blood was maintained at a 
constant temperature and reintroduced into the femoral vein Changes in the 
systohc and diastolic pressures were induced by constricting the thoracic aorta, 
and by experimentally produced arterio-venous aneurysm and aortic regurgita- 
tion 

When the thoracic aorta was constricted by an adjustable clamp, it was possible, 
within certain limits, to increase the diastolic pressure without altering the systohc 
pressure The coronary flow was increased in proportion to the elevation of 
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diastolic pressure When the arteno-v enous aneurysm was employed, the 
diastolic pressure was reduced and the systolic slightly elevated and the rate of 
coronary flow was decreased in spite oi the accompanying elevation of the sjstolic 
pressure In those instances in which the diastolic pressure was reduced by punc- 
turing the aortic valves, a similar, but even more striking reduction in coronary 
flow was obtained 

The Relationship oj the Hydrogen Ion to the Genesis of the Cardiac Rhythm By 

Edward P Carter and (by invitation) E Cowxes Andrus, Baltimore 

Changes in the H ion concentration of the fluid bathing the heart is shown to 
affect the origin and spread of the excitatory process as follows 

1 A change from pH 7 4 to pH 7 0 causes slowing of the rhythm, lengthens the 
P-R interval and depresses lntra-auncular conduction 

2 Raising the pH from 7 4 to 7 8 results in a quickening of the rhythm and an 
increase in the rate of conduction 

3 Vagomimetic substances are less effective at pH 7 8 and more effective at 
pH 7 0 Conversely the action or sympathomimetic drugs is enhanced at pH 7 8 
and depressed at pH 7 0 

4 Studies of the results of altering the Ca concentration at constant pH indicate 
that the effects of pH changes cannot be due to the changes in the ionization or the 
Ca in solution 

5 There is evidence that carbonic acid or its ions may exert a “specific effect” 
upon the rhythm. An increase in the H-COa content of the perlusate brought 
about without change w the pH of the solution causes an increase m the rate ol 
spontaneous development and propagation of the excitatory process In a certain 
proportion of experiments, however, this effect comes on more slowly than the 
effects resulting from a change from a normal to a more alkaline perlusate and it 
tends also to pass off more gradually after return to the solution containing little 
or no carbonic acid The ability of carbonic and or its ions to penetrate the cell 
and to raise the cH of its contents is suggested as an explanation of the. “specific 
effect ” 

Upon the basis of these results the authors suggest that the rate of origin and 
propagation of the excitatory process in the heart is dependent upon the difference 
m H ion concentration within and without the cardiac cells 

The Effect of Irregularity of the Rhythm of the Heart on the Blood Flow in Dogs 

By H J Stewart, J H Crawtord and A. B Hastings (by invitation) and 

A E Cohn 

Evidence has been obtained of the rate of blood flow m unanesthetized dogs dur- 
ing experimental auricular fibrillation Two insulated wire electrodes were 
sutured to the right auncle under aseptic technique 24 hours preceding the experi- 
ment Auricular fibrillation was induced bj faradic stimulation of the auricles 
and rapid regular rbvthms by single induced shocks at known regular rates 
Electrocardiograms were taken beiore, dunng and after stimulation Arterial 
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blood was obtained from a femoral artery Samples of mixed venous blood were 
obtained by a technique devised by Stewart Oxygen contents and capacities of 
the arterial and mixed venous blood were determined by means of Van SJyU’s 
manometric method before, during and after the induced rhythms 

Summary 1 During auricular fibrillation the oxygen saturation of the arterial 
blood was unchanged, during regular tachycardia it was usually unchanged but 
was occasionally decreased 4 to 7 per cent 

2 Calculations of the relative changes m blood How during the period of 
auricular fibrillation indicate decreases varying from 20 to 62 per cent of the 
normal 

3 The blood flow' during regular tachycardia was unchanged in 11 observations 
in 7 dogs and decreased in 5 observations in 3 dogs 

4 In 5 experiments the same or comparable ventricular rates W'ere obtained 
during auricular fibrillation and during regular tachycardia in the same dog 
The blood flow was decreased in auricular fibrillation but was decreased in the 
regular tachycardia in only one observation 

Factors such as ventricular rate and pulse deficit concerned in determining 
when this difference in the circulation rate betw een auricular fibrillation and regular 
tachycardia occurs are now being analysed 

The Vilocily of Blood Flow in Health and Disease By Herrmann Blumgart and 

(by invitation) Soma Weiss, Boston 

The velocity of blood flow has been determined in over one hundred and fifty 
patients between the ages of eighteen and seventy-five Active deposit of radium 
was injected into the cubital vein of one arm When the active deposit reached 
the cubital arterial vessels of the other arm, the beta particles and gamma rays 
emerged through the tissues of the arm and were automatically registered by an 
appropriate detecting device No withdrawal of blood was necessary No toxic 
effects have been noted 

In fifty normal individuals in whom the venous pressure and vital capacity were 
normal, the time from elbow to elbow has ranged from fifteen to twenty-four 
seconds The average time was eighteen seconds and only nine individuals ex- 
ceeded twenty seconds In a given individual, successive determinations with 
varied dosages usually checked within two seconds, in a few instances within 
three seconds Circulation times above twenty-four seconds were always asso- 
ciated with pathological conditions in the circulatory system In twelve patients 
with auricular fibrillation the time averaged forty-four seconds with a range ot 
twenty-eight to sixty In four patients when sinus rhythm was induced by qumi- 
dine the time was shortened, on the average, eight seconds with a range of from 
two to sixteen seconds 

In emphysematous patients in whom the vital capacity was conspicuously re- 
duced, the time was normal m some and prolonged in others, according to the 
degree of myocardial involvement 

Observations in other diseases were made and further studies are in progress 
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Studies oj Vital Capacity in the Negro Race By \\ ils on G S Millie and (by men- 
tation) Donald C Augustine, New Yorl 

In the course of an me estigation to determine the effect of varying intensities 
of hookworm infestation upon the rate of growth and development a group or 
about two thousand school children m south Alabama was studied Negro 
children were observed as well as whites The standard measurements for normal 
children developed by the U S P H Service were used, 1 e , standing height, 
sitting height, weight, certain strength tests, vital capacity and hemoglobin 

It was discovered that normal negro children have a markedly lower vital 
capacity than normal white children of the same age, sex and weight The 
standing height curve of growth of the two races was found to be quite similar 
but the trunk length or sitting height of the white children was found to be greater 
than that of negro children 

In order to determine whether or not the strikingly low vital capacity observ ed 
m negroes was Limited to children only , a group of about two hundred strong, 
healthy, white and negro adults was studied. These men were all prisoners at 
a large convict logging camp The results showed that adult negroes as well as 
negro children have a vital capacity markedlv lower than whites 

Distribution of Jaundice in Circulatory Failure By Jonathan Measlns, Mon- 
treal 

The cases are divisible into two classes, (a) Biliary pigmentation generalized, 
(6) Biliary pigmentation localized to the upper part of the body , head and arms 
Six cases were studied All had severe circulatory tailure and all had tncuspid 
insufficiency Four cases died, with autopsy on three One case ot generalized 
pigmentation, which developed under observation, hadacute tncuspid msufficiencv 
with jaundice before anasarca became pronounced. The blood serum and oedema 
fluid of this patient were both bile stained In five patients with localized pig- 
mentation severe anasarca was present before senous tncuspid insufficiency and 
jaundice developed Biliary pigmentation was confined to areas where oedema 
or ascites was not present It hands and iore-3rms were oedematous jaundice did 
not occur in these areas One case extensively studied developed jaundice under 
observation The blood serum was always bile stained and gave a strong direct 
and indirect van den Bergh reaction The oedema fluid and the ascitic fluid vas 
not bile stained and van den Bergh reactions on them were negative The case 
studied throughout revealed a spread ol the jaundice as the oedema fluid was 
drained away by repeated skin punctures The questions arise whether the 
oedema fluid actually is not in diffusion equilibrium with the blood plasma in 
cardiac oedema or whether only colloids with large molecules do not diffuse 
Crystaloids, urea, uric acid, creatinine and sugar are in fair equilibrium. Pro- 
teins, haemoglobin and bile pigments are much diminished or absent Bile salts 
may be in equilibrium as the surface tension is practically the same in both fluids 
The histopathology ol the bver is distinctly e and rmjxirtant 



602 


PROCEEDINGS OP EIGHTEENTH ANNUAL MEETING 


Studies in Obstructive Jaundice By C H Greene and (by invitation) M Aldrich 
and A M Snell, Rochester, Minn 

Obstructive jaundice was produced experimentally m dogs by ligation of the 
common bile duct Cholecystectomy was also done in some animals The initial 
response after obstruction depends on the presence or absence of the gall bladder 
Cholecystectomized animals show a rapid increase in bdiary constituents in the 
blood Jaundice is marked within twenty-four hours When the gall bladder is 
intact the increase in biliary constituents in the blood is delayed and jaundice 
may not develop for forty-eight to seventy-two hours This effect can be shown 
with bilirubin, bile salts, and dyes (phenoltetrachlorphthalein and brom-sul- 
phalein) A maximal degree of bile retention was observed at the end of the first 
week, thereafter there was a gradual readjustment towards normal The serum 
bilirubin tended to decrease to a level of 2 to 3 mg even though obstruction was 
maintained The bile salts varied but also tended towards normal Dye reten- 
tion persisted in these dogs, though its degree sometimes became less 

There was a rapid return towards normal with the relief of the obstruction when 
the latter was of short duration After long continued obstruction recovery was 
greatly delayed Slight bilirubinemia, with marked increase in bile salts and dye 
retention w r erc observed m one animal for several months after cholecystgastro- 
stomy Ascites and the late clinical picture of obstructive biliary cirrhosis were 
observed in one dog with complete biliary obstruction for 112 days 

Alterations m Liver Function as an Index of Toxemia m Pneumococcus Lobar 
Pneumonia By Benedict R Harris (by invitation of Francis G Blake), 
New Haven, Conn 

In order to determine the effect of pneumococcus lobar pneumonia on hepatic 
function, dye elimination tests were done on twenty-two cases, of which 9 were due 
to pneumococcus Type I, 3 to pneumococcus Type II, 5 to pneumococcus Type 
III, and 5 to pneumococcus Type IV Impairment of liver function was found 
to occur consistently, the degree increasing as the disease progressed No definite 
relationship between the severity of the infection (as measured by outcome), 
and the degree of liver impairment was found Following recovery liver function 
returned rapidly to normal, indicating no permanent injury 

Impairment of function in the Type HI pneumonias with 80 per cent mortality 
was conspicuously less than in the Types I, II, and IV, with 23 per cent mortality 

An Isolated Case of Epidemic Influenzal Pneumonia By Channlng Frothing- 
haai, Boston 

The terms, influenza and influenzal pneumonia, are quite loosely used by the 
medical profession and are applied to a variety of diseases There is no way at 
the present time to separate febrile upsets of unknown cause which involve the 
upper respiratory tract and the epidemic disease W'hich swept through the country 
in 1918-19, unless the epidemic disease reaches the lungs It is possible by a 
study of the lung tissue at autopsy to pick out definite lesions which are peculiar to 
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tins epidemic disease, even when complicating organisms add to the pulmonary 
lesion 

Isolated cases of the epidemic disease that ha\ e been prov en at autopsy are so 
rare that it seems worth while to report these cases with the hope that as time goes 
on it will be possible to establish their identit> during hie even without the com- 
plication of pneumonia Apparently it the epidemic disease invades the lung it is 
possible to make a diagnosis by the peculiarity ol the x-ray findings This case 
was suspected by the x-ray examination during life and confirmed by the examina- 
tion of the lungs at autopsy to be a case ol the epidemic disease with pulmonary 
complications 

Changes in Serum Freezing Point and in the Concentration of Serum Electrolytes 
during Lobar Pneumonia By F V. miAii Sendebiian and J G Caviack 
(by invitation) and J H. Austin, Philadelphia 

The changes in electrolyte and non-eiectrolvte concentrations in the serum m 
twenty -two cases of lobar pneumonia were follow ed through the febnle and afebrile 
periods by means of freezing point, conductivity, and refractometnc measure- 
ments, supplemented with total base, chlonde and CO- analyses, and with certain 
non-electrolyte determinations Whenever possible, bleedings were made at 
intervals of two or three days on each patient before and alter the crisis 

During the actrv e infection there was a decrease m the concentration of electro- 
ly tes m the serum and a proportional decrease in the ireezing point depression 
After the crisis the electrolytes returned to the normal range, the total electrolytes 
faster than the chlorides, whereas, the freezing point depression was increased 
above the normal limits This increase m freezing point depression at the time 
of the crisis must be due to abnormally higher concentration ot non-electrolytes, 
the precise nature of which was not determined 

A Study of Red Blood Cell Permeability By J P Petees and (by invitation) 
A J Eisenman, and A AI W akeman, New Hav en Conn 
Human blood was brought into equilibrium with 40 mm CO; in air at 3S'C 
Each sampleot blood was divided into three parts The first wasanaly=ed directly 
To the second and third were added equimolar amounts ot a sodium and ol a potas- 
sium salt Chlonde and bicarbonate were used Cell volume and serum protein, 
CO content and Cl concentration m the whole blood and the serum, and serum 
total base, were determined 

Eight expenments were done all ot which showed similar changes The total 
base found in the scrum to which the salt had been added agreed uithin 2 m3! 
with that calculated assuming no shut of base across the membrane The varia- 
tion was not consistently above or below the calculated and it was within the 
limits of error tor the method There was a transfer of Cl and C0 2 across the 
membrane Whether equimolar concentration of Xa or K, salt was added, the 
changes in the distribution of water, Cl and CO; were quantitative]! identical m 
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the analjscs Therefore, within the limits of these experiments, no evidence of 
any change m the distribution of base between cell and serum was found 

Tin Carbon Dio\itli Equilibrium in Uo^olar hr and Irltrial Blood during Exercise 
By A V Bock and (by invitation) D B Dill, J S Lawrence and L M 
Hurxtkal, Boston 

The validity of samples of alveolar CO 2 obtained bx the Haldane-Pnestley 
method during exercise has long been questioned Data are presented showing 
that by means of a slight modification of the method as originally described, a 
close agreement between the tension of CO 2 in the alveoli and that of arterial 
blood can be demonstrated This fact bears an important relationship to prac- 
tically all methods now employed for the determination of the total blood flow 

The liijlutiia of 1 nil-rheumatic Drugs upon the Irlhntis oj Scrum Disease By 
C L Derick and Charles H Hitchcock (by invitation; and Homer F 
Swift, New York 

As a result of bed-side observation, and from the character of the joint fluid of 
patients with serum disease it seemed that the “arthralgia” might be inflammatory 
in nature Attempts were made, therefore, to determine whether these symptoms 
might be influenced by anti-rheumatic drugs Previous observations had shown 
that little effect was discernible when the drugs were administered after the onset 
of “arthralgia,” hence in these series of cases the drugs were started shortly after 
the time the scrum was chscontmued, and w'ere given for from 10 to 14 days In 
one senes the patients were treated with neocinchophen, in another with aspirin 
No difference in the action of these txvo drugs could be detected While the urti- 
caria wus unaffected, the amount of arthritis in these patients was markedly 
diminished The rate and intensity of precipitin formation against horse serum 
and the persistence of horse serum in the blood of these patients was studied and 
compared with similar observations made by Longcope and Rackemann, and 
MacKenzie and Leake As a rule the antibody in these drug-treated patients 
was much lower in concentration, and the antigen (horse serum) persisted longer 
than in the patients reported by the authors above mentioned It is suggested, 
therefore, that the arthritis may depend upon the development of a certain con- 
centration of antibody by the patient, and that the depression of antibody forma- 
tion, the result of the drug administered, may be the cause of the decreased amount 
of arthritis 

Experimental Nephritis Produced by X-ray By James P O’Hare and (by invita- 
tion) Hugo 0 Altnow, Thomas D Christian, Jr , and Abner Calhoun, 
Boston 

In the first groun of rabbits incision w r as made over the right kidney which was 
drawn up into the wound and exposed once to direct action of x-ray In different 
rabbits of this group, x-ray exposure varied in degree The animals were killed 
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at intervals, umng from one da\ to four and a half months hlmor changes 
v ere noted in. the rabbits exposed to smaller dosage and sacrificed earl} J a 
rabbits exposed to the larger dosage and allowed to In e lor three months or more, 
there was marked sclerosis of the kidney , reducing the organ in some cases to one- 
half the sue of the control left hidnex 

A second series was treated in a simitar way except that both kidneys were 
exposed to the x-ray , the second kidney alter the animal had full} recox ered irom 
the operation on the first kidney 

The Action of Parathyroid upon Calcium and Lead in the Bones By D onai-D Hun- 
ter (fc> mentation) and J C \ub, Boston 

Patients with lead poisoning were green a calcium deficient diet containing 110 
mgms ol Ca daily, so that they excreted more calcium than they ingested The 
total output of calcium and lead in urine and feces was estimated 

Colhp’s parathyroid extract was then injected tmee daily In fixe out oi six 
patients increasing doses of the extract caused a gradual increase of the blood 
calcium to 13 or 14 mgms per 100 cc The excretion of both calcium and lead 
then rose markedly The lead excretion rose on sex eral occasions to ox er 2 5 
mgms a day , a level nearly twice as high as that obtained in our previous methods 
of treatment Xo untoward svmptoms were observed 

The lead which was excreted in these observations had been stored almost 
entirely in the bones The excess of calcium must baxe come xerx largely, irom 
the bones Thctefote these observations indicate that parathyroid may cause a 
mobilization and excretion of inorganic salts from the hones They also contribute 
to the evidence that lead and calcium run parallel in their reactions in the body 
This method offers a x erv effective but somewhat unsafe treatment for the elimina- 
tion of lead 

Mechanism oj the Ichon of Iodides on the \ lirogcn Metabolism By G P Grab- 
held and (by invitation) C Gray and B Flower Boston 
It has been previously shown that the administration of iodides to human sub- 
jects causes an increase in the nitrogen excretion Hesse has shown that a similar 
reaction occurs in dogs 

The present work was done on dogs maintained in positive nitrogen balance on a 
diet containing 2 8 grams of nitrogen and a total ol 660 cc of fluid. Atur the 
nitrogen excretion had become constant sodium iodide was administered sub- 
cutaneously in doses of 0 4 grams per kilo per dax lor three dax 3 During the 
period of drug administration the total nitrogen ol the urine rose on the average 
23 per cent a day, returning to the previous level after the administration was 
stopped The total sulphur determined bv method of Fiske remained unchanged 
Alter thyroidectomy the same experiment was carried out but the injection oi 
iodides in the absence of the thvroid failed to cause an increase in the nitrogen 
excretion 
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It is concluded, therefore, that this increase in nitrogen excretion is due not to 
the breaking down of the body protein but to an excretion of “deposit nitrogen” 
containing no sulphur and that the presence of tiic thyroid is necessary for this 
action of iodides 

Blood Volume in Myuduna By W 0 TuoxiPSONfby invitation of J H Means), 
Boston 

Nine patients with myxedema averaged 22 per cent more total plasma, 28 
per cent more plasma per kilo and 25 per cent more plasma per square meter of 
surface area when fed thyroid than when myxedematous 

From observed and calculated changes in total blood volume, it is estimated 
that thyroid feeding in myxedema quite commonly produces increases of 25 per 
cent in total volume of circulating blood 

The plasma decrease on omitting the thyroid and the increase on restarting it 
occur much more rapidly than do the corresponding changes in the volume of cells 
Plasma reduction is usually well marked within ten days after omitting thyroid 
A parallelism exists between basal metabolic rate and plasma volume m 
myxedema 

Once the basal metabolism has been restored to normal further increases in the 
dose of thyroid up to three times the maintenance dose produce only slightly 
greater increases in plasma volume and basal metabolism than does the main- 
tenance dose 

The plasma volume changes in myxedema are contrasted with those in cardiac 
edema in which plasma volume increases with increasing edema Other differ- 
ences between the two are noted 

Observations on Polycythemia Vera ( Erythrtmia ) during Treatment by Phenylhy- 
dias’n By G E BROWNandH Z Giffin, Rochester, Minn 
Seven patients with polycythemia vera have been treated by phenylhydrazm 
hydrochloride In addition to the clinical data the observations on these cases 
include among other things estimations of the blood volume and viscosity, studies 
in blood chemistry, functional tests on the liver and the kidneys, electrocardio- 
graphic studies, estimations of heat production, and a general study of the cir- 
culatory system under stress An effort is made to arrive at some conclusions 
concerning the toxicity of phenylhydrazm w'hen administered by mouth and the 
significance of the jaundice and of the thrombosis which have occurred during 
treatment 

An Investigation Relative ioB Welchu Infection of the Intestinal Tract as the Etiologi- 
cal Factor m Pernicious Anemia By Robert N Nye, Boston 
In confirmation of the work of others a very great increase in B welchn spores 
was found in stools from cases of pernicious anemia A s imila r increase was found 
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in. stools from cases with achylia gastnca without pemiaous anemia. Crude 
estimates of vegetative forms showed at least no more in pemiaous anemia stools 
than in those from normal individuals 

Contrary to general behef, it seems probable that the reaction of the normal 
small intestine, at least as far as the mid portion, possibly as far as the cecum, is 
deadedly on the acid side of neutrality, due chiefly to the presence of normal gas- 
tric juice A neutral or slightly alkaline reaction is necessary for active sporula- 
tion of B welchu, hence spore production m at least two thirds of the normal gas- 
trointestinal tract is at a minimum However, in conditions of achylia gastnca 
such inhibitory influences are lacking and a marked increase m spores without 
increase in active or vegetative forms results Therefore, the spore increase in 
pemiaous anemia is probably secondary to the achy ha gastnca rather than indica- 
tive that chronic intestinal infection with B welch n is the etiological factor in 
pemiaous anemia 

Studies on the Relation of Manilla to Pernicious Anemia By G O Broun and 
(by invitation) Cecite Jacobson and 0 Garcia, St Louis 
Rabbits and guinea pigs were inoculated with monilia isolated from the stools 
of active cases of pemiaous anemia. Intravenous, subcutaneous and intrapen- 
toneal injections of monilia, while causing slight decreases in the red count and 
hemoglobin of some animals, w no instance produced a picture approximating 
pemiaous anemia in man After inoculation, agglutinins and complement fixing 
antibodies for moniba appeared in the blood 

Animals fed large numbers of monilia by mouth, over long periods of time, 
developed no anemia The organisms could he recov ercd from the stools while 
the feedings were in progress, but quickly disappeared if the feedings were dis- 
continued 

The sera of a number of cases of pemiaous anemia from which moniba have 
been isolated showed positive complement fixation tests with antigen prepared 
from moniba The reaction is specific, in that sera giving positive \\ as^ermann 
and positive tuberculous complement fixation tests give negative results with the 
moniba antigen Monilia can also be found in other conditions than pemiaous 
anemia Sera of a number of such cases have gn ea positiv e complement fixation 
tests with antigen prepared from monilia isolated from a case of pemiaous anemia 

Studies on Gastric -Uiacidily By C S Keeker (by invitation) and A L Bloou- 
eield, Baltimore 

During the course of some studies on gastric secretion a method was devised by 
which the volume of gastric secretion and discharge could be measured quantita- 
tively Applying this method to cases of gastric anacidity we hav e been able to 
obtain some information regarding the volume of secretion in such cases 

AA c divided the cases into three groups and compared them according to the 
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average volume of gastric juice secreted in 10 minute periods, with the following 
results 

Group A Control Senes 

Group B Anaciditv cases w ithout gastric disease 

Group C \nacidity cases with gastric disease 

Percentage of cases with % olumcs of 10 to 40 cc 
Group A = 89 per cent 
Group B = 93 per cent 
Group C = 40 per cent 

Percentage of cases with volumes of less than 10 cc 
Group A = 3 5 per cent 
Group B = 7 0 per cent 
Group C = CO 0 per cent 

It is apparent from these results that while the cases of inacidity without gastric 
disease have practically the same volume of secretion as the normal controls, the 
cases of anacidity with gastric disease have a very much smaller volume of secre- 
tion In other words many case of gastric anacidity in which the volume secretion 
is below 10 cc (average of several 10 minute periods) one is probably dealing with 
organic gastric disease, whereas, if volume of secretion if over 10 cc it is more likely 
to be a functional anacidity 

Preferential Utilization of Carbohydrates in Diabetes By Walter R Campbell 
and (by invitation) J Markowitz, Toronto 

In the milder cases of diabetes there has appeared to be some grounds for the 
belief that certain carbohydrates are more easily utilized by r the diabetic organism 
than other carbohydrates Information on this point would be of great value in 
treatment but the possibilities of stimulation of insulin production by the carbo- 
hydrate or by exercise, of storage of the carbohydrate as fat, as blood and tissue 
sugar, or as glycogen, and of non-absorption from the alimentary tract, have 
seldom been given sufficient attention in arriving at a conclusion By a new type 
of experiment an attempt has been made to throw some light on this problem On 
a weighed diet, consisting of meat, raw pancreas and glucose, totally depan- 
creatized dogs receiving insulin twice daily with meals and kept in nitrogenous 
equilibrium excrete a fairly constant amount of sugar daily After a control period 
the carbohydrate to be tested is substituted for the glucose in the diet After 
the test period a further control period using glucose is carried out The urine is 
carefully collected and analysed for sugar, nitrogen and phosphates While such 
a method has certam drawbacks it also has the advantages of adequate control of 
food intake, insulin dosage and other conditions of the experiment which are not 
so satisfactorily carried out on diabetic patients The substances chosen for 
test were levulose, inuhn, glycerin, and a triose-chhydroxyacctone If a limited 
quantity of insulin permits a greater amount ol the sugar to be utilized by the 
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animal the unnaij excretion ot glucose will decrease bj this amount. Wi thin the 
limits of error of such a method no preferential utilization of these substances was 
demonstrated 

Diabetic Children’s Diets in Different Clinics, Calculated- from 532 Reports B\ H. 
Gray, Santa Barbara 

Stimulated by the tabulation bv Holt and Fales ot normal children’s diets in 
grams per kilogram of bod} weight, a similar tabulation was undertaken for diabe- 
tic children The great courtes} ot a number ot prominent students of diabetes 
in furnishing details on their patients, with a smaller amount from the literature ot 
similar data at the time of a patient’s discharge, has made possible this sun ev 
For each investigator averages hav e been made, and the differences between these 
and the grand average have been examined b> biometnc technic to determine 
which differences are statistical!} significant It is believed that this method 
reveals more preasel} than is now known the diet distribution moat lavored m the 
}ears since insulin became available, and likewise clarifies such trends as diverge 
sufficiently from the average to demand discussion 

Metabolism during Fasting in the Human Subject B} Wuxiaai G Lennox, 
Boston 

Dally measurements of ox> gen consumption, of nitrogen excretion, and oi 
bicarbonate, sugar and non-protem nitrogen m the blood plasma were made 
during five fasting periods lasting from 6 to 15 da}s Before the lasts, subjects 
were on a much loner protein intake than the subjects of most ot the lasts reported 
in the literature The amount of ox} gen consumed, per kilogram of bod} weight, 
was increased thoughout fasting m each case Such increase, except under abnor- 
mal conditions of fluid intake, ran roughl} parallel to nitrogen excretion 

Exaggerated Response of Sensitiz'd Smooth Muscle to Mixtures of Sensitizd Tissue 
and Homologous Antigen B} Harpa L Alexander, and (b} mentation) Wii 
G Becle and J H Holmes St Louis 

Guinea pigs were sensitized b} intrapentoneai injections of antigenic substances 
of varying nitrogen content Both uterine horns were suspended each in a 
separate Dale apparatus In one Dale bath, a measured amount of homologous 
antigen was placed, and the amplitude of muscle contraction recorded. To the 
other, the supernatant fluid of a mixture containing the same measured amount 
of antigen ground with the perfused lungs of the same animal was added The 
resulting muscle contraction was frequentlj greater than when antigen unmixed 
with tissue was used 

A similar exaggerated muscle resjxmse was occasional)} obtained with mixtures 
of sensitized liver, utenne or kidnev tissue and antigen This exaggerated response 
was not constant To account for this two possibilities are considered 

1 In the mixtures used, there is not aiwa}sa correct proportion bet um the 
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amount of antigen and tissue This was not demonstrated because the conditions 
of such an experiment could not be kept constant 

2 The tissue factor in the mixtures that causes exaggerated smooth muscle 
response may be unevenly distributed among various organs 1 his is indicated by 
the discrepancies in the curves obtained by comparing the response to mixtures 
of lung tissue and antigen w ith those of other tissues and antigen under similar 
conditions 

Observations on the Nature of “Heart-Burn ” By Chester M Jones and (by 
invitation) W wian Richardson, Boston 

Twenty-nine normal subjects have been studied for the production of “heart- 
bum” by distension of the oesophagus at different levels with a balloon, the loca- 
tion of w'hich was determined by iluoroscope Nineteen subjects noticed a hot 
burning sensation during distension of the lower third of the oesophagus The 
remainder complained of fullness or pressure Distension of the middle or upper 
third of the oesophagus caused a sensation of pressure in twenty-five cases and 
burning in only four Introduction, through a tube, of small quantities of acid, 
alkali, cold wnter, gastric contents, or barium suspension into the lower third of 
the oesophagus caused “heart-burn” in two-thirds of those in whom it was at- 
tempted Fluoroscopic examination of the barium column show ed the presence of 
spasm at the level at w'hich the liquid had been introduced, with reverse peristalsis 
above this level The spasm and reverse peristalsis persisted as long as the “heart- 
bum” lasted 

In the above observations simple local distension seemed to be the cause of the 
sensations It is probable that “heart-bum” is analagous to referred pain and 
hunger contractions, and is a reflex disturbance of low'er oesophageal tone, usually 
with abnormal persistalsis, occasioned either by local pathology or by functional 
or organic pathology elsewhere in the body 

Oxygen Poisoning By C A L Binger and (by invitation) J M Fauxkner and 
R L Moore, New York 

The present day, rather widespread, therapeutic use of oxygen makes it im- 
portant for us to have more exact knowledge about its deleterious effects The 
history of this subject dates back to the work of Paul Bert, w’ho showed that high 
atmospheric pressures of oxygen produced convulsions in animals Bert did not 
observe the characteristic pulmonary changes because his animals died before 
these changes occurred Lorram Smith was the first to describe the lesions in the 
lungs His work has since been confirmed by others, notably by Karsner, who 
made a thorough study of the morbid anatomy of rabbits exposed to high partial 
pressures of oxygen 

It w r as our purpose to inquire into the nature of the pulmonary lesions, to study 
the hunts of oxygen concentration at which they developed and to make certain 
that there was no secondary bacterial invasion We were interested, too, in ob- 
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serving the effects of high concentrations of oxygen on other species, and in 
learning, if possible, the cause of death 

We have found that mice, guinea pigs, rabbits and dogs all succumb to the effects 
of ox> gen in concentrations of SO per cent of one atmosphere or over in about 5 
days These animals at first show no untoward effects They gradual!} , how- 
ever, stop eating, lose weight, become dyspneic and cyanotic and then die When 
they are in the advanced stage of dyspnea, removal from the high concentrations 
of oxygen brings on immediate death Examination of their blood shows a 
marked anoxemia 

Apparently the pulmonaiy lesion is such as to interfere with the diffusion ot 
ox} gen and the same high concentrations which eventuall} kill the animaL tem- 
poraril} keep them alive The characteristic pulmonar} lesion is capillar} dilata- 
tion and an hemorrhagic edema 

We are at present investigating the effect of similar concentrations of ox} gen on 
amphibia and reptiles Apparently the winter frog is able to surviv e high con- 
centrations, though whether there is an} statistical difference in his viability in 
ox} gen as compared with air, we are not } et certain W e are at present engaged 
in the study of the effect of ox}gen on the capillaries 

The Nephrotoxic Action of Ingested Cystine By A C Curtis (b} invitation) and 

L H. Newburgh, Ann Arbor, Mich 

It has been shown b} Newburgh and Marsh that the intravenous injection 01 
cy stone into dogs causes marked injury 01 the hidne} H. B Lewis has shown that 
the kidne}s of rabbits are injured by the introduction into the stomach oi single 
large doses of cystine 

The former experiments are open to the criticism that the cystine entered the 
organism by an abnormal path In the latter experiments, the introduction ot a 
single large do,e into the stomach of a fasting animal permits much more rapid 
absorption than would occur if an excess of cy atine were taken in the usual way 

Our experiments deal with the effect of cystine when ingested as a constituent 
of the diet by the rat, and show that 

1 Large doses cause a hemorrhagic nephropathy and death within a few days 

2 Doses only several times the minimal requirement cause moderate renal 
injury in the course of months 

3 The addition of cystine to diets in themselves too low in cystine to permit 
growth will, in small do^es cause growth, in moderate do^es inhibit growth, and in 
large doses produce actual lois of weight 

The Respiratory and Carbohyrate Metabolism of Dihydroxyacclone in horn al ard 

Diabetic IiJividuals By Edward H Mason, Montreal 

Normals Comparable respiratory and blood sugar time curve, alter the inge^ 
tion of like doae,, 25 or 50 grams, of glucose or dihy droxyacetone, in ten experi- 
ments on five cases have shown the following results 
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1 Ihe average maximum increment increase oi the non-protein respiratory 
quotient after glucose was 0 026, while after dihxdroxx acetone it was 0 271 

2 The average maximum increase of heat production after glucose was 10 6 per 
cent as against 16 1 per cent for dihjdroxvacetone 

3 The blood sugar showed a lesser increment increase after the dihydroxj- 
acetone 

Diabetes Fifteen similar experiments on eight cases gave the following results 

1 The average maximum increment increase ol the non-protein respiratory 
quotient after glucose w'as 0 048, while after dih> drox) acetone it was 0 138 

2 The average maximum increase of heat production after glucose was 112 
per cent, while after dihydroxyacetonc it was 19 4 per cent 

3 The blood sugar showed a lesser increment increase after the dihydroxyace- 
tone 

Studies in Albuminuria By Hilding Bergllnd and (by invitation) Walter 
Scrtvfr, Minneapolis, Minn 

Factors influencing the albumin output through diseased kidneys have been 
studied in cases of acute and chronic nephrosis as well as in animal experiments 
Both serum-albumin and serum-globulin usualh escape into the urine Albumin- 
uria without globuhnuria may occur but is evidently rare A high albumin to 
globuhn ratio in the urine signifies a lesser degree of abnormal permeability than 
a low ratio The urinary albumin to globuhn ratio is always higher than 1 The 
urinary ratio is independent of the corresponding ratio of the plasma 

On a high protein diet the total protein output through the kidneys may become 
increased as much as three times above the output during a previous or following 
period of low protein diet Increased elimination of urea after urea feeding has no 
similar effect on the amount of urinary protein 

This phenomenon does not indicate increased kidney damage In fact, it indi- 
cates a greater amount of protem circulating through the kidneys This statement 
is based upon observations on the concentration of the plasma proteins The 
protem synthesis after high protem feeding is a rapid process In three days the 
plasma protems may increase 30 per cent 

A Study of Supravital and Fixed Stained Preparations of Cells Obtained by Punc- 
turing Diseased Lymphnodes in Man By Claude E Forkner (by invitation) 
and George R Minot, Boston 

Biopsy for diagnostic and prognostic information has certain disadvantages 
Puncture of lymphnodes causes less discomfort to the patient and useful knowledge 
can be obtained rapidly by studymg m supravital and fixed stained preparations 
cells so obtained Material can be withdrawn on the barbed edges of a dental 
broach passmg through the lumen of a needle, w hich has perforated the capsule of 
a lymphnode The supravital technic offers a new method of approach to the 
study of the cell content of diseased lymphnodes The conditions studied include 
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various tvpes ot ly mphoblastoma, metastatic caranoma, tuberculosis and simple 
hyperplasia Caranoma is distinguished easily The significance of the cell 
pictures obtained m lymphoblastoma can be evaluated alter collecting much data 

The Experimental Production of Lung dbscess Bj S b Schlueter, and I F 
\\ ErDLEis (by invitation) and E C Cctier, Cleveland, Ohio 
A, successful method for the experimental production of lung abscess has been 
devised in this Laboratory The procedure consists m liberating into the jugular 
vein an artifiaal, infected embolus which is earned m the v enous blood stream to 
the nght heart and thence by way of the pulmonarv artery to the lung 
The infected embolus is prepared as follows \ small segment 01 iemoral vein, 
6 to 8 mm in length, is excised One end is tied with silk. The other end is held 
open by three silk sutures, and various bactenal emulsions are transferred into 
the lumen with a platinum loop, together with a bit oi paraffimzed lead A lew 
drops of blood are then purposely added to serve as a temporary culture medium, 
and the material is encased with a second silk ligature about the open end The 
embolus is then placed in a glass cannula, and the latter connected to a svnnge 
filled with saline An opening is made into the jugular v em, the cannula inserted 
and the embolus forced into the arculation The lead filing serves to localize 
roentgcnographically the final resting place ot the embolus 

Success depends only on the type of organisms employed AAith the proper 
bacteria the lesion has resulted in 100 per cent ot the experiments 

Guanidine and Hypertension Clinical and Laborator\ Studies Bv C P How vrd 
and (by invitation) I M Rabiaowtich, Montreal 

The determination of guanidine compounds in the unne is with our present 
available methods not strictly quantitative At best one can recover about 90 
per cent of added guanidine compounds from waterv solution or urrne and this 
value is only obtained by repeated fractional erv stalhzation which is a rather 
tedious procedure not lending itself to work on a clinical scale For the present 
purpose, however, the method was suffiaently quantitative 

In view ot the recent observations by Major and his co-workers which suggested 
a relationship between the diminished unnary excretion oi guanidine compounds 
and hypertension, a senes ot observations were made on normal individuals and 
on patients sufienng from hypertension 

In normal individuals marked fluctuations were iound in the daily amounts oi 
guanidine excreted Two possible explanations oi this are suggested Like 
most other nitrogenous substances excreted in the unne, the daily amounts mav 
varv In view, how ev cr of the constancy of creatinine excretion and the chemical 
relationship between this compound and methvl guanidine, it is quite possible 
that the total amount of guanidine basts excreted dailv is constant lor the in- 
dividual, but that the relative proportions ot the different compounds van and 
that not all ot these are recovered quantitatively by the method employed 
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Our results on the whole are somewhat similar to those of Major In one 
Case in which daily studies were made, the decrease in blood pressure during the 
early period of the patient’s rest in bed was not accompanied by an increased 
excretion of guanidine Later when polyuria was induced and the blood pressure 
fell still further, excretion of guanidine compounds increased This suggested a 
relationship between polyuria and the excretion of guanidine compounds 

An interesting observation was that in the senes of cases with hypertension, 
the majority of those patients who had high diastolic blood pressure also showed 
diminished excretion of guanidine, whereas those with high systolic but normal 
diastolic blood pressure had normal excretion of guanidine 

In view of the above findings w c are ivamcd that much more must be known 
of the relationship between guanidine metabolism and hypertension The re- 
sults are, however, of sufficient interest to stimulate further wmrk along these 
lines 

Effects of Roentgen Ray Therapy in Rheumatic Heart Disease By Robert L 
Levy and (by invitation) Ross Golden, New York 

Cardiac involvement in rheumatic fever is frequent and of serious import 
No method for its prevention is known, nor has it been possible to modify the 
progress of lesions initiated in the heart by the rheumatic process 

Radiotherapy is known to influence favorably certain forms of infection, it 
has also been employed to affect the physical character of scar tissue These two 
types of lesion — exudative and proliferative — exist in the heart as the result of 
rheumatism 

Seven cases of rheumatic heart disease have received courses of roentgen ray 
therapy, two of them having been followed for one year The dosage was cal- 
culated to yield about 10 per cent of the theoretical erythema dose in the region 
of the mitral valve 

Clinical improvement has been associated with striking changes in the form of 
the electrocardiogram in four cases The remaining cases have thus far received 
insufficient treatment to warraut a report The modification of the form of the 
electrocardiogram apparently associated with roentgen ray therapy suggests that 
an influence, presumably favorable, has been brought to bear upon the lesions m 
the heart muscle 

A limited number of roentgen ray treatments has been given to two patients 
with streptococcus viridans endocarditis without evident effect on clinical course 
or electrocardiogram 

The Prognostic Value of the Diazo Reaction in Chrome Nephritis By Reginald 
Fnz and (by invitation) Harry Blotner, Boston 

Further Observations on Patients with Hypertension and Increased Basal Metabolic 
Rate By Ernst P Boas and (by invitation) S Shapiro, New York 
Patients with organic heart disease do not show increased heat production even 



AAIERICAN SOCIETY POR CLINICAL INVESTIGATION 


615 


when their cardiac reserve is poor, if the determination is made under actual basal 
conditions Only when they exhibit dyspnea at rest do they show increased heat 
production, and this is readily explained by the muscular exertion and mental 
distress accompanying the difficult respiration We examined twenty -eight 
patients with essential hypertension and two with chrome glomerulonephritis and 
hypertension under basal conditions None of them was dyspneic at rest. The 
patients with glomerulonephritis had normal heat production Ten patients 
with essential hypertension exhibited basal rates above plus 15 Two or nine 
males and eight of nineteen females showed increased heat production The 
distinguishing clinical features of these patients with high basal rates are hyper- 
tension, tachycardia, loss in weight, pigmentation oi the skm and nervousness 
They do not present the picture of Graves’ syndrome Partial thyroidectomy 
does not seem to improve their clinical condition, and iodine administration does 
not alter their metabolism High diastolic pressures are not seen in Graves’ 
disease \\ e believe that our observations warrant the conclusion that these 
patients present a special syndrome which should be distinguished rrom the 
ordinary form of hypertension as well as from Graves’ Disease 

The Significance of Electrocardiograms of Loco Voltage By Howard B Sprague 
( by invitation) and Paul D White, Boston 

The amplitude of the QRS waves of the human electrocardiogram is probably 
roughlv indicative ot myocardial power m cases in which the excursion is less than 
5 mm from the base line A. senes of clinical cases is presented in which the elec- 
trocardiograms are correlated with the etiology of the heart disease, with the 
physical findings, and with the prognosis The most important groups are the 
cases of arteriosclerosis, and those with myxedema or cretinism Diminution in 
the intensity and change in the quality of heart sounds are irequent findings 
Aberration of the electrical complexes with changes in the T wav e are v ery common 
Electrical waves of low voltage, except in myxedema and cretinism are usually 
a bad prognostic sign They are often found in senous angina and may accom- 
pany coronary occlusion Only 10 per cent oi the total cases in our senes are able 
to be actively at work 

Intermittent Incomplete Bundle Branch Bloch By F A \\ runes (by invitation) 
and Norman 51 Keith, Rochester, 5Iinn 

Three cases are reported, each differing somewhat in type and degree, in which 
electrocardiograms have been obtained conforming to those of incomplete bundle 
branch block In all instances the graphic changes have been present inter- 
mittently These cases are fully discussed with reierence to the electrocardio- 
graphic abnormalities The literature on this subject is also considered 

Experimental Study of the Syncrial Fluid of Patients u-lh 1 rthrihs at d Sy pn Its 
By Alai, 51 Chesnxv and (by invitation) Jabold E Kemp, Baltimore 
Joint fluid was aspirated from a sene s of ten patients in various stages oi 
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syphilis, in whom arthritis was present m addition 1 he Jluids were studied with 
reference to (a) evtoiogy, (/>) Wassermann reaction, ( c ) presence of bacteria by 
smear, culture and guinea pig inoculation, (d) presence of Treponema pallidum bj 
dark field examination and lntratcsticular inoculation in rabbits 

\ irulent strains of T pallidum were obtained by rabbit inoculation from three 
of the ten joint fluids studied A relatively high lymphocytosis was encountered 
in two of these fluids as well as in two others m which there was reasonably good 
evidence that the arthritis was syphilitic in origin Fluids from those cases which 
were believed to be non-syphilitic did not show’ this relative increase in lympho- 
cytes 

The Physiology oj the Leucocytes in the Saliva in Health and Disease B) Raphael 
Isaacs, Boston 

Quantitative studies of the leucocytes of the blood and of the saliva show that 
when the leucocytic blood count rises, the number of leucocytes in the saliva tends 
to decrease, and when the leucocytic blood count decreases, the saliva count 
increases Normallv, the saliva collected from the salivary ducts has few or no 
leucocvtes When the saliva is allow’ed to collect in a pool in the mouth it washes 
together leucocytes which have wandered through the mucous membrane The 
number varies from five or less per cubic millimeter to about 150, but may reach 
400 in health When a “digestive lcucocj tosis” fails to show in the blood, it is 
frequently replaced by an increase in the number of leucocytes in the saliva All 
tvpes of leucocytes appear in the saliva, and they live for varying lengths of time 
dependent on the disease or the the rap}’ In chronic myelogenous leukemia, the 
saliva count may be surprisingly low’ when the blood count is high After roentgen 
ray treatment the saliva cell count increases, at times to 10,000 or more per cubic 
millimeter, with the decrease in the blood leucocyte count In aleukemic leukemia 
the saliva cell count may be very high 

The Treatment of Paroxysmal Auricular Tachycardia By S \ Levine and (by 
invitation) Harry Blotner, Boston 

The Onset of Digitalis Effect after Intravenous Administration By Harold E B 
Pardee, New York 

The effects of digitalis which were observed in these experiments were (1) 
the slow mg of ventricular rate in patients with rapid rates from auricular fibrilla- 
tion, (2) the diminution m size of the T wave of patients with normal rhythm 
Digitan solution and Digalen were the chief preparations used These were 
given intravenously in a dose of 1 mmim of the solution per pound of body w’eight 
of the patient In the patients with auricular fibrillation the heart rate was 
counted with a stethoscope several times for one-half minute periods to obtain a 
control rate and then at various intervals during the next 24 hours In those with 
normal rhythm a control electrocardiogram was taken before the drug was given, 
and then at proper intervals for 24 hours 
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It was tound that the effect upon rate often began as soon as 5 minutes after 
intravenous administration of these doses, alwa>s within 15 minutes The 
slowing progressed rapid!} during the first 30 minutes and somewhat less rapidl> 
during the next hour The maximum slowing was usually 2 hours after adminis- 
tration but most of the effect developed during the first hour Alter reaching its 
maximum the effect persisted, diminishing slight!} , but even 24 hours after the 
dose, the rate had not reached its control let el 

The effect upon the T wav e also appeared as soon as 5 minutes after the dose and 
reached its maximum about 2 or 3 hours later, then passed off graduallv 

The important results of these experiments are to show that the doses ot these 
preparations previous!} suggested b} the author are proper for clinical use, that the 
onset of digitalis effects alter proper intravenous doses is more prompt than was 
previouslv believed and that the effect upon rate and the effect upon the muscle 
proceed at about an equal rate 

Rickets m Dogs B} Alfred T Shohx, Xeu Hav en 

Observations on the pathogenicity of Brucella abortus jor human beings B} Ernest 
C Diceson, San Francisco 

Following an illness in Januarv 1925, Miss C was advised to drink plentv ot 
milk From Februarj 15 to June 7 she consumed rrom lour to six glasses ot mill, 
dailv , part of it being pasteurized and the remainder being raw milk irom an 
inspected dam 

In the latter part of Mat she det eloped an intermittent feter associated with 
su eating fatigue and pains in the legs The leter persisted for set eral weeks 
ranging from 99 to 101 or 102 degrees daily with occasional remissions The onl\ 
notable phtsical sign was a palpable spleen 

On Jul} 3, the patient's blood serum caused complete agglutination ot Br 
mehterisis in dilution of 1 500 and partial agglutination in 1 1000 Subsequentlt 
Miss Alice Etans at Washington reported that it was the Br abortus vanetv 
Investigation of the dairy showed that there had been little trouble with in- 
fectious abortion although two cows had aborted within fifteen months Whev 
prepared from the milk of these cows caused agglutination ot Br abortus in dilu- 
tions of 1 100 and 1 200, respectiv el} , and guinea pigs which were injected v lth 
the milk developed typical lesions of Br abortus lntection from which Br abortus 
was recov ered in pure culture 
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